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ABSTRACT

Nucleate pool boiling is an essential part of the vast cooling systems today's

combatant ship combat systems are dependent upon. Understanding the mechanisms

that influence heat transfer in tube bundles in a liquid pool is the stepping stone for

improving these cooling systems. This thesis attempts to bridge the gap between single

tube performance and bundle performance by studying the effect of a lower heated tube

on the heat transfer from an upper tube in a simple' two tube bundle. This study con-

cludes that a nucleating lower tube (regardless of the spacings tested between tubes) hds

a significant positive (i.e. improvement of heat transfer) influence an upon upper tube.

This is especially evident for a smooth tube where any hysteresis effects are completely

eliminated when the lower tube nucleates at a heat flux of 10 k W/M2 or greater. Fur-

thermore, the only influence for the pitch-to-diameter ratios tested was at the highest

heat fluxes for the smooth tubes where a p/d of 1.8 was found to give the maximum heat

transfer. No such maximum was obtained for the enhanced tubes.
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NOMENCLATURE

Note that properties and measured parameters of the lower (auxiliary) tube are dif-

ferentiated from the upper tube with A added to that property or parameter (i.e. ACp

is the specific heat of the lower (auxiliary) tube). Though this may cause confusion with

area dimensions, this nomenclature is preserved because it is used within programs

SETUP72 ( appendix C) and DRP72 (appendix D). Note also that like tubes were used

in upper and lower positions such that spatia! dimensions are the same and are not dif-

ferentiated between tubes.

A area

Ab tube outside surface area of active boiling section

Ac cross sectional area of the tube

Cp specific heat

ACp specific heat of lower (auxiliary) tube

D diameter

Di tube inside diameter

Do tube outside diameter

Dl diameter of the position of the thermocouple

D2 outer diameter of the boiling tube

g gravitational acceleration

h heat transfer coefficient

Ah heat transfer coefficient of lower tube

I current

Al current for lower tube

Is output voltage of AC current sensor

Als output voltage of AC current sensor for lower tube

k thermal conductivity of liquid

Ak thermal conductivity of liquid associated with lower tube

kc thermal conductivity of copper

L active boiling tube length

Lu non-boiling tube length

x



Nu Nusselt number

p tube outside wall perimeter

Pr Prandtl number

APr Prandti number associated with lower tube

Q heat transfer rate from boiling surface

AQ heat transfer rate from boiling surface of lower tube

Qf heat transfer rate through one non-boiling end

AQf heat transfer rate through one non-boiling end of lower tube

Qh heat transfer rate from cartridge heater

AQh heat transfer rate from lower tube cartridge heater

q' heat flux

Aq' heat flux from lower tube

Ra Rayleigh number

T temperature

Tavg average wall temperature it the thermocouple location

ATavg average wall temperature at the thermocouple location for
the lower tube

Tc critical temperature

Tf film temperature

ATf film temperature of fluid associated with lower tube

Tn temperature of the thermocouple location

Tsat saturation temperature

Two outer wall temperature of the boiling test tube

ATwo outer wall temperature of the lower tube

V voltage across the cartridge heater

AV voltage across the cartridge heater for the lower tube

Vs voltage output by AC-DC true RMS converter

AVs voltage output by AC-DC true RMS converter for lower tube

a thermal diffusivity

Aa thermal diffusivity associated with lower tube

f volumetric thermal expansivn coefficient

Afl volumetric thermal expansion cocfficicnt associated with
lower tube

xi



6 uncertainty in measurement and calibration

0 superheat

AO superheat associated with lower tube

A dynamic viscosity

AAs dynamic viscosity associated with lower tube

v kinematic viscosity

Av kinematic viscosity associated with lower tube

p density

Ap density associated with lower tube

.xii



I. INTRODUCTION

As the United States continues to struggle with the dilemma of increasing require-
ments for CFC's, while at the same time joining the world in concern over ozone de-

pletion, the exigency of finding replacements for the Navy's high ozone depletion
potential fluids is of the highest order. The urgency of this search was made more
pressing by the reduction of the time allowed (ordered by President Bush) to meet

Montreal Protocol deadlines to purge use of CFC refrigerants. A particularly damaging
fluid is R- 114, used primarily in centrifugal chilled-water air-conditioning plants onboard
ships. In order to best determine a short term or 'drop in' replacement, data of R-1 14
nucleate pool boiling characteristics is required for comparison. The literature provides
many studies of single tubes in nucleate pool boiling; however, studies of multiple tubes

are more scarce. Most studies of multiple tubes with varied tube spacings were con-
ducted in a manner to simulate a bundle, i.e. all tubes in the pool were studied with the
same applied heat flux. There is little work in the literature on the effect of a lower
heated tube on the heat transfer from an upper tube (i.e. a simple bundle) and none with
R- 114. This type of data would begin to bridge the gap between single tube nucleate
pool boiling and bundle effects, and would complement the search for a suitable re-

placement for R-114.
To increase the available data for comparison with possible replacement refrigerants,

and to further investigate the effect of tube spacing, the following objectives of this thesis

were established:

1. Modify the existing single tube pool boiling apparatus to accommodate a simple
two tube bundle, including program modifications to facilitate instrumenting the
second tube.

2. Operate the apparatus to prove repeatability with single tube data.
3. Obtain convection and boiling data over several tube pitches and heat flux settings

for both a smooth tube and an enhanced tube.

Of particular note is that this study was designed as a follow up to the single tube
work of Sugiyama [Ref. 11. The format of this study, including the correlations and

programs used, are adaptations from Sugiyama's work in order to make the results di-

rectly comparable.



11. MECHANISMS

A. SINGLE TUBE BEHAVIOR

Experimental heat transfer behavior has been fairly well predicted from single

smooth cylindrical tubes in an infinite pool for the natural convection region 1y

Churchill and Chu [Ref. 2] and Churhchill and Usagi [Ref. 3] and, to a lessor degree, 'or

the boiling region by Rohsenow [Ref 4] and Stephan and Abdelsalam [Ref 51. Single

enhanced tubes have also been widely studied with nucleate pool boiling enhancements

ranging up to 15 times the performance of smooth tubes. The largest enhancements

have been obtained for re-entrant cavity surfaces as reported by Yilmaz and Westwater

[Ref 61, Marto and Lepere [Ref 71, and Wanniarachchi er al.[Refs. 8, 91. In these

studies, enhancements were largely attributable to increased surface area in the con-

vection regime, and to stable vapor sites (i.e. vapor trapped in re-entrant cavities), which

provided a high density of active nucleation sites at relatively low values of wall super-

heat in the boiling regime. However, to date, no comprehensive model or correlation

has been presented which can predict such enhancements (Thome addresses this in dis-

cussion of nucleate pool boiling correlations [Ref. 10]).

B. NIULTIPLE TUBE BEHAVIOR

The behavior of a particular tube in a multiple tube environment will be greatly in-

fluenced by its neighboring tubes. In both the natural convection and nucleate boiling

regimes, fluid heated by a lower tube will rise due to buoyant forces, and an upper tube

will tend to be affected, specifically by the heated liquid plume in the convection regime

and by the bubble plume in the boiling regime. Also in a bundle the lower tubes may

impart a 'drag' on the fluid as it traverses the bundle affecting the fluid reaching an up-

per tube. The lower tube, because it is not impacted by a similar plume, can be assumed

to behave as a single tube in a pool. However, if a bundle is in a confined pool, it may

be the case that strong recirculation patterns cause an upper tube, in turn, to affect the

heat transfer behavior from a lower tube.

The effect of a lower tube on an upper tube has been studied by Sparrow and

Niethammer [Ref. III and Marsters [Ref. 12] in the convection region (using air), and

by Fujita er al. [Rcf. 131 and by Hlahne, Qiu-Rong and Windisch [Ref. 14] in the

nucleate boiling region (using refrigerants). These effects are primarily the result of two

contradictory influences, incicased fluid velocity in the convection or boiling bubble

2



plume and increased fluid temperature. In the natural convection region, fluid heated
by the lower tube will have a velocity due to buoyant forces when it arrives at the upper

tube. In effect the upper tube is no longer in a true natural convection regime but is
beginning to experience some forced convection (i.e. mixed convection), thus increasing

its heat transfer coefficient. At the same time the heat from the lower tube that causes

this buoyant plume to rise has in.: eased the temperature of that fluid within the plume,
thereby decreasing the temperature difference between the upper tube and the fluid and
decreasing the heat transfer capability. Two of the parameters affecting the strength of
these influences are tube separation and the heat flux setting of the lower tube. The
temperature of the fluid within the buoyant plume arriving at the top tube will be slightly

lower than its temperature when it left the lower tube due to convection to the sur-

rounding fluid. This drop in temperature will tend to increase with increasing tube sep-
aration, thereby increasing the AT between the upper tube and plume. This implies that
the upper tube's heat transfer capability at large pitch may be expected to improve over

that at small pitch. In addition, with Sugiyama's [Ref 11 single tube work, convection
plumes were turbulent (Grashof numbers were greater than 10'), implying that plume
velocity will not change with tube separation. However in reality at high enough
Grashof numbers, the formation of eddies and other currents in the pool would tend to
cause a decrease in the plume fluid velocity at the upper tube and thereby a decrease in
the heat transfer coefficient over that of a smaller pitch. The -- two effects, increasing

AT with increasing pitch and decreasing heat transfer coefficient at large pitch suggest
that an optimum pitch is possible. These influences are confirmed by Sparrow and
Niethammer's work with air [Ref. 11] and by Marsters [Ref. 121 with air, for which they
found a dependence on the x-based Grashof number (based on the position of the tubes)

for the heat transfer from the upper tube.

In the nucleate boiling regime, the above two effects are also important. The fluid
entrained in the bubble plume from the lower tube (and the bubbles themselves) impinge
upon the upper tube at a much higher velocity than with a convection plume (due to

greater buoyant forces associated with the bubbles). This greater velocity of the plume
and the bubbles would have the same influence as in convection above and may be suf-
ficient to strip the thermal boundary layer from the upper tube, thereby lowering heat
transfer resistance and increasing the heat transfer coefficient. Enhancements due to the

impingement of plume and bubbles is most significant at lower heat fluxes when active
nucleation site density on the upper tube is low. This provides more 'contact' area be-
tween the upper tube and the rising fluid/bubble mixture. As flux is increased on the

3



upper tube, the active nucleation site density also increases. At high heat fluxes, boiling

is so vigorous that the rising fluid is prevented from gaining any appreciable 'contact'

with the upper tube. Heat transfer coefficients may then be expected to increase with

increasing tube spacing (as in the convection regime) with a possible optimum. How-

ever, enhancement due to the lower tube may be expected to decrease when high heat

fluxes are applied to the upper tube. The trends of these influences were verified by

Fujita et al. [Ref. 13 1 and Hahne et al. [Ref. 141.

An additional influence in the boiling regime may be the effect of 'seeding' from the

lower tube when it is boiling. At low and medium heat fluxes on the upper tube (active
nucleation site density is low), vapor bubbles from the lower tube may impinge and in-

fluence enter an inactive cavity on the bottom half of the upper tube. This may prompt
an otherwise inactive site to become active earlier than it would have done for a single

tube. This influence would also be more effective at low fluxes (low site density) on the

upper tube. At higher fluxes, the number of active sites is higher and the probability of

an added site becoming active due to this seeding process is significantly lower.



III. DESCRIPTION OF EXPERIMENTAL APPARATUS

A. GENERAL DESCRIPTION

The apparatus used is an adaptation of the apparatus used by Karasabun [Ref. 14:

pp 24-41], Reilly [Ref. 15: pp. 30-441, and Sugiyama [Ref. 1: pp. 8-321 in previous studies

of pool boiling of R-1 14/oil mixtures from single tubes. Karasabun provides complete

details ef the original configuration of the apparatus. The current apparatus was es-

sentially that used by Sugiyama for single tubes with modifications made to accommo-

date two tubes in the evaporator. Additionally, the original R-12 cooling system was

operated in conjunction with a R-502 system to increase cooling capacity for the in-

creased heat load of two tube operation. An additional smooth and high flux tube were

manufactured in order that both a smooth and an enhanced tube set could be studied

in the two tube configuration. The unused auxiliary variac power supply was employed

as the power supply for the second tube. A two tube data reduction program DRP72

was developed by adapting Sugiyama's single tube data reduction program DRP7.

The apparatus is labeled on a general schematic in Figure 1 and consists essentially

of seven components:

I. An evaporator, a boiling vessel assembled using a Pyrex-glass tee with
aluminum/teflon endplates.

2. A condenser, assembled using a similar Pyrex-glass tee with aluminum endplates.

3. A reservoir for R- 114 liquid storage.

4. A cooling subsystem composed of an 1/2 ton R-502 and a 1/4 ton R-12 refriger-
ation plant, a 30 gallon water/ethylene glycol sump, and two positive displacement
pumps.

5. A vacuum pump.

6. A data acquisition and instrumentation system.

7. An aluminum framework with. plexiglass siding within which components 1-3 were
housed.

The apparatus was designed for reflux operation. Vapor generated in the evaporator

followed a path through an aluminum L-shaped pipe to the condenser. R- 114

condensate then returned to the evaporator via copper tubing by gravity. The

water,'ethylenc glycol sump of the cooling subsystem was maintained between -10 and

-17 *C. This was accomplished using two separate cooling schemes. The R-502 refrig-

eration plant cooled the mixture via-a counter current heat exchanger through which the
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Figtire 1. Schematic of Appiratus
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water/ethylene glycol mixture was circulated by an 8-gpm turbine-type pump. The R-12

refrigeration plant cooled via an evaporator, constructed of coiled copper tubing, located

directly within the sump. The second 8-gpm turbine-type pump circulated the mixture

from the sump through copper condensing coils within the condenser via a control valve

(VC, see Figure 1), and then returned to the sump.

An alternate mode of operation was used to evacuate the boiler to facilitate tube

change out. R- 114 was boiled off from the evaporator and condensed as before, but in

this case R- 114 condensate was directed to the reservoir (by changing certain valves),

instead of returning to the evaporator. Once tube changeout was completed the

evaporator was simply refilled from the reservoir by gravity.

This study was devoted to pure R-l 14. In order to ensure that no oil could intrude

into the system, the oil path between the oil reservoir and the evaporator (used for

R-1 14/oil mixture tests) was removed and the access to the evaporator plugged. The

major components of the oil subsystem (reservoir and graduated cylinder) were left in-

tact for use in future studies.

B. BOILING TEST SECTION

1. Evaporator

The evaporator consisted of a Coming Pyrex-glass tee (3 in. nominal interior

diameter) with aluminum endplates. The endplates were coupled to the glass tee by

Coming cast iron removable flanges. The glass vessel was mounted horizontally with

the side-arm of the tee vertical. The major modification in adapting the apparatus from

a single tube to two tubes was to the evaporator endplates. New endplates were manu-

factured with thermocouple and liquid fill/return penetrations moved to the periphery

and a three inch hole centered on the axis of the evaporator. Teflon inserts were man-

ufactured to fit tightly into this hole with varied spacings for the two test tubes. Though

the teflon endplates could be rotated to accommodate a variety of tube geometries, only

vertical spacing was addressed in this study ( i.e. one tube vertically below the other).

The addition of another tube to the evaporator also required the liquid level to be raised.

The new liquid level was only 10 mm from the top of the Pyrex glass tee and 10 mm

above the top of the upper tube (note that for all spacings the upper tube was fixed in

position relative to the evaporator and the lower tube was varied). This severely reduced

the vapor path between the liquid surface and the top of the evaporator to the exit tee.

A comparison of the modified and previous apparatus liquid levels, tube positions and

fittings is shown in Figure 2.

7
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Pyrex-glass was used for both the evaporator and condenser due to its greater

strength compared to ordinary glass. It was necessary for the apparatus to withstand

pressure differences (between apparatus interior and atmospheric)of up to 20 psig due

to possible R-114 vapor pressures at high room temperatures during summer months.

In addition, a glass vessel provided several other advantages over a metal one:

"* The transparent vessel allowed easy visual observation and videotaping of the
boiling phenomena occurring inside.

"* The smooth interior surface minimized any nucleate boiling at this inner surface.

A relief valve (set at 20 psig) was mounted in the aluminum piping between the

evaporator and condenser to prevent the safe working pressure (30 psig) of the Pyrex

glass tee from being exceeded. A sketch of the glass tee and the cast iron flanges is

shown in Figure 3. A sketch of an endplate and a teflon block insert is shown in

Figure 4.

2. Test Tubes

A general schematic of the tubes is shown in Figure 5. The tubes protruded

through (and were supported by) the teflon inserts in the endplates of the evaporator.

The teflon inserts were sealed by viton O-rings, two O-rings between the teflon inserts

and each tube, and one O-ring between the insert and the aluminum endplate.

Two types of tube were used, a smooth hard-copper tube and a High Flux

porous-coated tube. The tubes were heated via a stainless steel, 240-volt, 1000-watt

(nominal), Watlow Firerod cartridge heater, 6.35 nun in outer diameter, 203.2 mm in

actual length with an actual heated length of 190 umm. The heater was tightly inserted

into a copper sleeve, which functioned as a mounting device for the thermocouples. The

sleeve was then inserted in the tube. Both the heater and the sleeve were tinned with soft

solder prior to being inserted into the tube and the whole assembly heated in a furnace

to bond the assembly together. This minimized thermal resistance and provided a uni-

form heat flux along the length of the tube. The heater and sleeve were inserted such

that the central 190 mm were heated radially by the heater. This was taken as the active

boiling length. A correction was applied for the heat lost from the two ends of the tube

in the pool.

The tubes were each instrumented with eight thermocouples soldered into

channels which were machined in the outer surface of the sleeve. These thcrmocouplcs

were located at various axial and circumfcrential locations as shown in Figure 6. The
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thermocouple grooves were axially machined to the nearest end of the sleeve to provide

a path for the thermocouple leads. Type-T Teflon coated copper-constantan

thermocouple wire was used both in the tubes and throughout the apparatus. Dimen-

sions and for the tubes are given in Table 1.

Table I. TEST TUBE DIMENSIONS

Tube Type Dl(mm) D2(mm) Di(mm) Do(mm) L(mm) Lu(mm) Kwall
(Wm. K)

Smooth 12.44 15.88 12.70 15.88 190.0 76.20 344

High Flux 12.95 15.82 13.20 15.82 190.0 76.20 45
(95/5 Copper-
Nickel)

C. CONDENSER SECTION

The condenser was assembled similarly to the evaporator. The same size Pyrex-glass

tee was used as the main vessel with aluminum endplates. The glass vessel was mounted

vertically with side-arm tee horizontal to receive the R- 114 vapor. A helical condensing

coil made of 9.5 mm copper tubing was inserted in the Pyrex glass tee. Swagelock fit-

tings were used to connect the condenser coil to the coolant tubing through the

condenser endplates. The coil was fabricated to an approximate outside diameter of 76

umm, providing an active condensation length of approximately 4.5 m.

The vacuum pump was connected to the top of the condenser via two isolation

valves to remove any noncondensable gases that collect there. A tubing connection was

placed in the bottom endplate of the condenser to enable R-I 14 condensate to drain

back to the evaporator by gravity. Valve and tubing lineup was such that condensate

could also be directed back to the R- 114 reservoir. The condenser was connected to the

evaporator by an L shaped aluminum tube two inches in diameter. The pressure relief

valve, mentioned earlier, and a bourdon pressure gage were mounted on this aluminum

tube.

D. COOLING SECTION

1. Coolant Sump

A 0.15 in3, rectangular sump for the water-ethylene glycol mixture was made of

13 mm Plexiglas sheet. The sides were glue jointed using a methylenie chloride solution

with additional support provided by small screws. The tank was placed on a wooden

12
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platform to separate it from the concrete floor and all sides were insulated with 22 mm

sheet insulation. The coolant was a 52% mixture of ethylene glycol/distilled water

producing a solution freezing point of approximately -25 *C.

2. Refrigeration Plants

A 1/2 ton R-502 and a 1/4 ton R-12 refrigeration plant were used to chill tile

ethylene glycol/water mixture. Each consisted of a hermetically sealed compressor as-

sembly, an air cooled condenser, a receiver, a filter-dryer, a pressure regulator, a tem-

perature control switch and a thermostatic expansion valve. A counter current heat

exchanger was used as the evaporator for the R-502 plant. An evaporator for the R- 12

plant was constructed of 9.5 mm copper tubing which was coiled and placed directly in

the coolant sump. Both plants were controlled by a temperature control switch with

each plant having its own thermostatic expansion valve. The plants were adjusted to

maintain coolant temperatures at about -17 *C. Figure 7 shows a schematic of the

R-502 refrigeration plant. Figure 1 shows placement of the R-12 refrigeration plant

evaporator.

3. Pump and Control Valve

The two 8 gpm, 115 V Burks turbine type, positive-displacement pumps were

floor mounted next to the coolant sump. One pumped the ethylene glycol/water coolant

mixture through the R-502 counter-current heat exchanger. The other pumped the

coolant mixture to the condensing coil via control valve VC (see Figure 1). Valve VC

was the operators primary control device to maintain saturation pressure at a desired

value by varying the coolant flow rate (and hence the condensation rate) in the

condenser. A bypass line was also installed on the discharge line from the pump. Dis-

charge bypass was controlled by valve V9. The bypass line served to avoid overloading

the positive displacement pump when small heat loads were placed on the condenser

(low coolant flow rates). The bypass return line returned to the sump via a penetration

in the top of the tank, where the coolant return stream from the condenser returned as

well.

E. R- 114 RESERVOIR

The R- 114 reservoir was an aluminum cylindrical vessel, 230 mm in diameter and
254 mm in height. The reservoir was equipped with a transparent plastic tubular sight

glass to monitor liquid level. The reservoir was located within the apparatus cnclosure

at a vertical location above that of the evaporator and below that of the condenser to

facilitate both gravity flow from the condenser to the reservoir and from the reservoir-
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to the evaporator. The reservoir could be replenished from an outside source (storage

cylinder) via a connection on the vacuum line from the condenser. Vapor from the
storage cylinder was condensed in the condenser and drained into the reservoir. The

arrangement of the reservoir is shown in Figure I.

F. APPARATUS ENCLOSURE
The apparatus (apart from the cooling subsystem) was contained in an aluminum

framed, plexiglas enclosure. The enclosure consisted of a rectangular welded frame ap-
proximately I m x 0.5 m x 0.6 m. The frame was divided into upper and lower halves

with the lower half of the frame straddling and enclosing the coolant sump. The upper

half of the frame was enclosed at the top and bottom with aluminum sheet. The four
remaining sides were enclosed with 13 mm Plexiglas. The opposing 0.5 m x 0.6 m

plexiglas sides were equipped with hinges to allow access to the interior. The refriger-
ation plants, pumps, and heat exchanger were located on the laboratory floor adjacent
to the enclosure. Data acquisition equipment was located in a separate cabinet also

adjacent to the enclosure. The enclosure provided some insulation from ambient con-
ditions and provided a safety barrier between personnel and the apparatus should one

of the glass vessels fail.

G. INSTRUMENTATION

1. Power Measurement
A 240 volt AC supply was used as the power source for the apparatus and was

controlled via a variac. Output from the variac ranged from 0-220 V, 0-5 A, adjustable

by the operator, to obtain a desired heat flux at the tube surface. Power input to the

tube heater was measured with an AC current sensor and a voltage sensor (both sensors
output in volts). The voltage sensor output was also processed through an AC-DC true

R.M.S. converter which provided a proportional output signal (also in volts). The cur-
rent and R.M.S. voltage output were input to the data acquisition system. Calibration
of power measurement was checked by comparing voltage and amperage measurements

against a digital voltmeter and ammeter. The power measurcment system is shown

schematically in Figure 8.
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2. Temperature Measurement

Several temperatures were monitored throughout the apparatus. These were

* Average test tube wall temperature (using the 8 thermocouples positioned as men-
tioned abovy,)

@ Pool temperature (three thermocouples located at three different positions
longitudinally within the pool but at approximately the same height)

e Coolant sump temperature (one thermocouple)

The pool thermocouples were inserted into special housings that penetrated the

evaporator endplates (Figure 9). The main body of the housing was manufactured from

stainless steel (low thermal conductivity) to minimize errors in pool temperature meas-

urement due to conduction from the surroundings through the housing. The tip of the

housing was manufactured from copper to take advantage of copper's high thermal

conductivity and to minimize the temperature difference between the pool and the

thermocouple.

Copper-constantan thermocouples were used for all measurements.

Thermocouples were read directly by a Hewlett-Packard 3497A data acquisition system

controlled by a Hewlett-Packard 9826 computer. The average temperature for each

thermocouple was obtained by scanning its output 20 times over 5 seconds and taking

an average.

H. DATA ACQUISITION AND REDUCTION

All sensor outputs (thermocouples, current sensor and R.M.S. voltage) were ana-

lyzed by a Hewlett-Packard 9826 computer and the data stored using the iterative data

collection/reduction program DRP72 (Sugiyama's single tube program DRP71 [Ref 1]

was used during initially repeatability experiments). The program was controlled (by the

operator) by keyboard interaction to prompt the system to take desired steps. Raw data

was stored on the computer hard drive while a printout of reduced data was provided

on a Hewlett-Packard lnkjet printer. Channel assignments for the various sensor inputs

to the data acquisition system are shown in Table 2.
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Table 2. HP 3497A CHANNEL ASSIGNMENTS

Channel Assignment
00-07 Upper test tube wall temperatures
08-15 Lower test tube wall temperatures

16-18 Pool liquid temperatures
19 Coolant sump temperature

20 RMS voltage tube heaters
21 Upper tube current sensor

22 Lower tube current sensor

21



Following data acquisition, the data were reduced utilizing the following

procedurel:

1. Input the name of the user-specified file to be stored on hard drive.

2. Select number of tubes to be powered and from which tube data is to be collected
(upper or lower).

3. Select tube type (all dimensions of the boiling test tubes are then automatically
selected).

4. Set desired saturation temperature (*C) of the pool (for these tests, 2.2 *C was used,
corresponding to approximately I atmosphere).

5. Input desired heat flux setting.

6. Set desired heat fluxes by adjusting appropriate variac.

7. Set desired saturation temperature by adjusting flow of coolant through condenser
coils with control valve VC.

8. Once saturation temperature is achieved, wait for steady state conditions (minimum
of 5 minutes) prior to taking data.

9. Prompt data acquisition unit to scan all channels listed in Table 2. All channel
readings are made in volts and stored in user specified fields.

10. Compute parameters from these voltages (i.e. temperature and power).

11. Compute the heat transfer rate from the cartridge heater.

12. Compute the average wall temperature of the test tubes and calculate the wall
superheat (Twall - Tsat)

13. Compute the physical properties of R-I14 using the property correlations (see
Sugiyama(Ref. f]) at film temperature ((Twall -Tsat)/2).

14. Compute the natural convection heat-transfer coefficient of R- 114 from the un-
heated ends of the test tubes.

15. Compute heat losses from the unheated ends of each tube.

16. Calculate heat flux from the heated length of each tube.
17. Calculate the heat-transfer coefficient of the R-1 14 from the heated length

of each tube.

18. Store heat flux and wall superheat for each data set in user specified field.

19. Plot the data using available software. For this study, plots were produced on the
NPS mainframe computer.

Sample calculations of the above procedure are given in Appendix A.

I This procedure was essentially identical to that followed by Sugiyaxna [Rcf. 11 and therefore
his procedure is largely reproduced.
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IV. EXPERIMENTAL PROCEDURE

A. ASSEMBLY

The mechanical assembly of the tubes within the evaporator was very straight for-
ward and will not be discussed in great detail. However the preparatory steps following

assembly are important from the point of view of ensuring a leaktight apparatus to

prevent loss of R- 114 from the system and the intrusion of noncondensable gases into

the system. Additionally it should be noted that vertical alignment of tubes was ensured

by using an air bubble level.

1. Pressure Test of the Apparatus

Following reassembly of the evaporator, a pressure test was conducted on the

apparatus by pressurizing the system (with air) up to 10 psig. A soap-water mixture

then was sprayed on all joints and leaks were detected by bubble formation from the

soap-water mixture. Any leaks were then repaired. The apparatus was repeatedly

pressure tested until there were no 'visible' leaks detected.

2. Vacuum Test

Following a successful pressure test, the apparatus was evacuated (using the
vacuum pump) to approximately 27 inHg. The apparatus was then allowed to stand

overnight. If an appreciable vacuum loss was observed (i.e. a drop of more than I inlg.

in a 24 hour period), the whole process was repeated, beginning with a pressure test,

until all leaks were corrected.

3. Filling the Evaporator
After the apparatus was successfully vacuum tested, the evaporator was filled

from the R- 114 reservoir. The pressures were first equalized between the evaporator and

the reservoir by cracking open valve V7. R- 114 liquid was then drained by gravity into

the evaporator through valve V6 until the liquid reached the desired evaporator level.
approximately 10 mm above the top of the upper tube. Once tho evaporator was filled,

the reservoir was isolated from the rest of the apparatus by closing all connecting valves.

4. Sensor Connections

Thermocouple leads and any other sensor connections were not reconnected
until the evaporator was successfully filled without leaks. This prevented unnecessary
wcar and tear on the heater leads and thermocouple wire due to the large number o" tube

changes required.
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5. Degassing and Acquisition Channel Check

Once all connections were made, program SETUP72 checked the output on all

channels. Any erroneous output was promptly investigated and the necessary cor-

rections made. Before any heat was applied to either test tube, the system pressure was

reduced to the desired saturation pressure by opening flow of the coolant mixture to the

condenser. Each tube in turn was boiled vigorously at the highest heat flux setting

(approximately 80 k W/r 2) for about 10 minutes in order to degas the refrigerant and to

remove excess air from the tube surface cavities. Noncondensable gases then collected

at the top of the condenser and were removed by the vacuum pump. During the

degassing procedure, program SETUP72 was again used to observe thermocouple

readings and power sensors to ensure proper operation. Any faulty thermocouples were

marked to ensure they were excluded during data runs. Following degassing, the appa-

ratus was secured and the tubes allowed to soak overnight in the R- 114 pool to provide

good surface wetting.

B. NORMAL PROCEDURE

The following procedure was used to obtain heat transfer data2:

1. Prior to system startup, the refrigeration plants were operated for approximately I
hour to reduce the coolant sump temperature to about -15 *C.

2. The data acquisition/control unit, computer and variac panel were switched on.

3. The computer program SETUP72 was loaded and run: I) All data acquisition
channels were then rechecked. 2) A power output of approximately 2.5 Watts was
input into each tube to check operation of the heater and power sensors. 3) The
average temperature of the refrigerant was slowly reduced to 2.2 °C by circulating
a small amount of coolant through the condenser.

4. The data acquisition program DRP72 was loaded and run.

5. The desired heat flux setting for the lower tube was input to the program and the
lower tube variac adjusted to give the desired heat flux (within + 500 W/nz2 ).

6. The control valve VC was adjusted to regulate the flow of cooling liquid through
the condenser to maintain a constant saturation temperature at a given heat flux.
Desired versus actual saturation temperatures were monitored continuously by the
program until they agreed to within ± 0.1 *C.

7. For each data point, conditions in the evaporator were allowed to stabilize for at
least five minutes prior to taking data. The following raw data were measured and
stored in a user specified field: local test tube wall temperatures, pool liquid tcm-
peratures, sump temperature, current sensor readings and voltage sensor readings.

2 Ibid
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8. Two data points were taken at each desired heat flux and saturation temperature.
The following processed data were recorded as a printout: wall temperatures of the
test tubes, liquid pool temperatures, vapor temperature, sump temperature, wall
superheat, heat-transfer coefficient and the heat flux.

9. For each data set, the above procedure was repeated from step 5. Various heat flux
steps were used to obtain uniform steps on a log-log scale. For increasing flux,
smaller steps were used up until the incipience of boiling in order to accurately de-
termine the point of incipience.

C. DATA LISTING

Data were filed using the following file name system:

"* Files were given 10 character names (ex. DAT053 1152).

"* The first three characters DAT simply refer to data.

"* The next four characters date the file (0531 = 31 May).

"* The eighth character indicated an increasing or decreasing run (I = increasing, D
= decreasing).

"* The ninth character indicated tube type ad listed in program DRP72 (4 - smooth
tube, 5 = High Flux tube).

"* The tenth character indicated which program wad used DRP71 or DRP72 (1 I
DRP71, 2 = DRP72).

"* The I I th character when present indicated successive runs for the indicated tube
and indicated program for that day.

Table 3 is a listing of data runs.
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Table 3. LISTING OF DATA RUNS

Data File Tube Type Purpose

DAT0122151 High Flux Cal; repeatability; single tube

DAT0123152 High Flux Cal; repeatability; single tube

DAT0125152 High Flux Repeatability; p/d = 2

DAT012712 High Flux Repeatability; p/d= 2
DAT0130152 High Flux Repeatability; p/d = 2

DAT0130D52 High Flux Repeatability; p/d-- 2
DAT0312142 Smooth Data; repeatability; p,'d 2

DAT0312D41 Smooth Data; repeatability; p/d= 2

DAT0313141 Smooth Repeatability; p/d = 2
DAT0313 D41 Smooth Repeatability; pld= 2

DAT0317142 Smooth Repeatability; p/d = 2

DAT0317D42 Smooth Repeatability; p/d = 2

DAT0320141 Smooth Repeatability, p/d = 2

DAT0320D41 Smooth Repeatability; p/d = 2
DAT0330142 Smooth Repeatability; p!d = 2

DAT0330D42 Smooth Repeatability; p,/d = 2

DAT0331142 Smooth Data; p,,d= 2; 500 W/m2 on lower
tube

DAT0331D42 Smooth Data; p/d= 2; 500 IVfm 2 on lower
tube

DAT0401142 Smooth Data; p/d= 2; 1 k W in2 on lower
tube

DAT040ID42 Smooth Data; p/d= 2; 1 k W/m' on lower
tube

DAT0404142 Smooth Data; p/d = 2; 1 k IV/m2 on lower
tube

DAT04041421 Smooth Data; p,'d=2; I kIV/m2 on lower
tube

DAT0404D421 Smooth Data; p/d= 2; 1 kWI /m2 on lower
tube

DAT0406142 Smooth Data; pd =2; 10 kW/m 2 on lower
tube
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Continuation of Table 3.
Data File Tube Type Purpose
DAT0406D42 Smooth Data; p/d= 2; 10 k W/m2 on lower

tube
DAT0407142 Smooth Data; p/d= 2; 25 kW/rn 2 on lower

tube
DAT0407D42 Smooth Data; p/d= 2; 25 kW/m 2 on lower

tube
DAT0408142 Smooth Data; p/d= 2; 3 kWrni2 on lower

tube
DAT040SD42 Smooth Data; p/d= 2; 3 kW/rm2 on lower

tube

DAT0410142 Smooth Data; p/d= 2; Tubes run up to-
gether

DAT041OD42 Smooth Data; p/d= 2; Tubes run down
together

DAT0415142 Smooth Data; p/d= 1.8; 10 kW/m2 on
lower tube

DAT0415D42 Smooth Data; pId = 1.8; 10 k WIm2 on
lower tube

DAT04151421 Smooth Data; p/d= 1.8; 25 kW/m 2 on
lower tube

DAT0415D421 Smooth Data; pId= 1.8; 25 k W/rl2 on
lower tube

DAT0417142 Smooth Data; p/d= 1.8; no power on
lower tube

DAT0417D42 Smooth Data; p/d= 1.8; no power on
lower tube

DAT0418142 Smooth Data; p/d= 1.8; 1 kW/rn 2 on
lower tube

DAT0418D42 Smooth Data; pd= 1.8; 1 kWV/rn 2 on
lower tube

DAT0419142 Smooth Data; ptd= 1.8; 3 kWI/tnL on
lower tube

DAT0419D42 Smooth Data; p.d= 1.8; 3 kW/1n 2 on
lower tube

DAF0423142 Smooth Data; p,,d= 1.5; no power on
lower tube
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Continuation of Table 3

Data File Tube Type Purpose

DAT0423D42 Smooth Data; pd= 1.5; no power on
lower tube

DAT0424142 Smooth Data; p,'d= 1.5; 3 kW/rn2 on
lower tube

DAT0424D42 Smooth Data; p/d= 1.5; 3 kW/m 2 on
lower tube

DAT0425142 Smooth Data; p/d= 1.5; 1 k W/rn2 on
lower tube

DAT0425D42 Smooth Data; p/d= 1.5; 1 kW/ 2rr on
lower tube

DAT0426142 Smooth Data; p/d= 1.5; 10 kWfnm2 on
lower tube

DAT0426D42 Smooth Data; p/d= 1.5; 10 kW/m2 on
lower tube

DAT0427142 Smooth Data; p/d - 1.5; 25 k W/re2 on
lower tube

DAT0427D42 Smooth Data; p/d= 1.5; 25 kW/n 2 on
lower tube

DAT0430152 High Flux Data; pid= 1.5; 1 kJV/rM2 on
lower tube

DAT0430D52 High Flux Data; p/-d= 1.5; 1 k fVfm on
lower tube

DAT0501152 High Flux Data; pId= 1.5; 10 kW/m 2 on
lower tube

DAT050ID52 High Flux Data; p/d= 1.5; 10 kW/nm2 on
lower tube

DAT05011522 High Flux Data; p/d= 1.5; 25 kW/rn 2 on
lower tube

DAT0501D522 High Flux Data; p/d= 1.5; 25 kW/m 2 on
lower tube

DAT0502152 High Flux Data; p/d= 1.5; 3 kW/nm2 on
lower tube

DAT0502D52 High Flux Data; p/d= 1.5; 3 kjW,*/n?• on
lower tube

DAT0503152 High Flux Data; p d= 1.5; no power on
lower tubc
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Continuation of Table 3.

Data File Tube Type Purpose

DAT0503D52 High Flux Data; p/d= 1.5; no power on
lower tube

DAT0506152 High Flux Data; p/d= 1.8; no power on
lower tube

DAT0506D52 High Flux Data; p/d= 1.8" r.•, power on
lower tube

DAT0507152 High Flux Data; p/d= 1.8; 1 kW/m2 on
lower tube

DAT0507D52 High Flux Data; p/d= 1.8; 1 kWI/m on
lower tube

DAT0508152 High Flux Data; p/d= 1.8; 3 kW/mr2 on
lower tube

DAT0508D52 High Flux Data; p/d= 1.8; 3 k W/,Pm on
lower tube

DAT05081521 High Flux Data; p/d= 1.8; 10 kW/m, on
lower tube

DATO508D521 High Flux Data; p/d- 1.8; 10 kW/m3 on
lower tube

DAT0509152 High Flux Data; p,'d= 1.8; 25 k WJ m2 on
lower tube

DAT0509D52 High Flux Data; p/d= 1.8; 25 kW/m2 on
lower tube

DAT0509D52 High Flux Data; p/d= 1.8; 25 kW/rn2 on
lower tube

DAT0515152 High Flux Data; p/d= 2; 25 k W/rr2 on lower
tube

DAT0515D52 High Flux Data; p/'d= 2; 25 kW/mn2 on lower
tube

DAT0516152 High Flux Data; p/d= 2; 10 kW/2rn on lower
tube

DAT0516D52 High Flux Data; p/d= 2; 10 kW/m" on lower
tube

DAT0517152 High Flux Data; pid= 2; 1 kW/m 2 on lower
tube

DAT0519152 1-igh Flux Data; pid= 2; 3 kWIrn2 on lower
tube
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Continuation of Table 3

Data File Tube Type Purpose

DAT0520152 High Flux Data; p/d- 2; no power on lower
tube

DAT0529152 High Flux Data; p/d = 2; tubes run up/down
together

DAT0530152 High Flux Data; p/d= 2; lower tube position
plugged
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V. RESULTS AND DISCUSSION

It should be noted and it is stressed that results are expressed in terms of enhance-

ment of the upper tube over a single tube and that the results are applicable to this ap-

paratus. These results may not be reproducible outside of this apparatus.

A. REPRODUCIBILITY

To investigate repeatability, tests were conducted with both a 'single' High Flux and

smooth tube (with only the upper tube operating). Runs were conducted using both

program DRP71 (from Sugiyama's single tube work [Ref. I]) and DRP72 with no heat

flux applied to the bottom tube. This ensured that the new program DRP72 performed

correctly. An additional set of runs were made using the pair of smooth tubes with a

heat flu; of I k W/m2 applied to the lower tube using program DRP72. The runs for all

these comparisons are listed in Table 4. A pitch-to-diameter ratio of 2 was used for the

runs listed in Table 4. A plot of heat flux vs. wall superheat (Thetab) for these runs is

shown in Figure 10 through Figure 12. Figure 10 shows the 'single' smooth tube data

together with the single smooth tube data of Sugiyama [Ref. 11. The three runs agree
very well and are within 10% of Sugiyama's data; any discrepancy is attributed to the

presence of the unheated lower tube modifying the flow over the upper tube. Clear ev-

idence of hysteresis is seen as with Sugiyama's work; as the heat flux is decreased , a

closed loop is formed indicating that as the nucleation sites die out, the transfer mech-

anism returns to one of natural convection. Figure 11 shows the 'single' High Flux tube

data together with the single tube High Flux data of Sugiyama [Ref. 11. Again good

agreement is obtained except at the. lowest heat fluxes and lowest AT's where discrep-

ancies of up to 50% are noted. However, due to the very high uncertainty in this region

(marked on Figure 11), primarily due to uncertainty in the wall temperature measure-

ment due to the fabrication procedures, the agreement is still considered reasonable. It

should also be noted that run DAT0530 was conducted with plugs in place of the bottom

tube (as opposed to the bottom tube having zero applied heat flux) and also shows ex-

cellent agreement. This indicates quite clearly that with the lower tube off, the upper

tube behayes almost exactly like a single tube. Note also that the hysteresis 'loop' is

open (again similar to the work of Sugiyama) indicative of the fact that there are still a

significant number of active nucleation sites operating with the High Flux tube evcn at

heat fluxes as low as 1000 W/m 2. Figure 12 shows the three smooth tube runs con-
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ducted with a lkW/nm2 heat flux applied to the bottom tube. Without discussing the
significance of the results here (see section B.), it can be seen that repeatability is good

and within 5% for all three data sets. Based on Figure 10 through Figure 12, data re-

peatability and agreement with past single tube work carried out on the same apparatus

is considered good.

Table 4. DATA RUNS USED FOR REPEATABILITY
Data Set Tube Type Lower Tube Setting
DAT0313141 smooth no power on lower tube
DAT0313D41 smooth no power on lower tube

DAT0320141 smooth no power on lower tube
DAT0320D41 smooth no power on lower tube
DAT0330142 smooth no power on lower tube
DAT0330D42 smooth no power on lower tube
DAT0401142 smooth I kWornl2

DAT040ID42 smooth 1 kwer ozl
DAT0404142 smooth I k W/mr2

DAT0404D42 smooth I kWireg
DAT0407142 smooth I kWlfn2
DAT0407D42 smooth 1 k W/rn2
DAT0123152 High Flux no power on lower tube, increas-

ing run only

DAT0130152 High Flux no power on lower tube
DATO130D52 High Flux no power on lower tube
DAT0530152 High Flux lower tube removed and position-

plugged, increasing and decreas-
ing run recorded in this file

B. INFLUENCE OF THE LOWER TUBE

To investigate the influence of a lower upon an upper tube, each upper tube (for

both types of tube surface) was run up and down (starting in the convection region)

through various heat flux settings for three different pitch-to-diameter (p/d) ratios and

five different fixed heat flux settings on the lower tube. Note that in each test, the same

tube surface was used for the upper tube and the lower tube (i.e. the surfaces were ncver

mixed). The p,'d ratios used were 1.5, 1.8 and 2. A p/d ratio of 2 was selected to match
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the vertical pitch, not only in Naval centrifugal flooded evaporators, but also in the

bundle apparatus in the Heat Transfer Laboratory. The fixed lower tube heat flux set-

tings (LTHFS) used were 0, 1, 3, 10 and 25 kWfm 2 (there was one test conducted with

a lower tube heat flux setting of 500 W/m 2). To evaluate the influence of the lower tube,

the data has been presented in two ways: the first by common p/d ratio and the second

by common LTHFS. In every case, plots of heat flux vs AT are shown.

1. The Effect of Heating the Lower Tube

a. Smooth Tube pid Ratio of 2

Figure 13 shows data taken for a p/d ratio of 2 for the six LTHFS labeled

in the legend representing k V/m2 and CC representing the Churchill and Chu correlation

[Ref. 21. This labeling was used for all the 5 subsequent plot legends. An extra run was

made at this pitch with a LTHFS of 500 W/m2 for comparison. The natural convection

regime shows very small enhancements with increasing LTHFS of up to 3 kW/mrw. Of

note is that for LTHFS of 0, 0.5, 1, and 3 kW/m2 , the lower tube was in the convection

regime at the beginning of the increasing run. For the 10 and 25 kW/lm case the lower

tube had nucleated immediately and was nucleating for the entire run. The natural

convection curves are still very close to values calculated from Churchill and Chu's cor-

relations [Ref 21 and relatively parallel with one another. It can be seen that for a

LTHFS of 500 W/m2, the top tube behaves almost as if it were a single tube (i.e. agrees

with a LTHFS of 0). In this case, the lower tube remained in the natural convection

regime for the entire run and shows that if this is the case, little to no enhancement of

the upper tube is obtained at any heat flux. The point of incipience is different for each

LTHFS and proved to be a fairly random event for the smooth tubes, occurring around

12 kW/m2 . In all cases except the 0 and 500 W/rnW, the lower tube was "seeded- by

bubbles from the R-l 14 return line (impinging upon the lower tube) when at a high flux

(> 20kW/r;n) on the upper tube. The lower tube then continued to nucleate after being
"seeded' throughout the remainder of the run. The LTHFS of 0, 0.5, 1 and 3 k l/m 2

showed enhancement upon nucleation, jumping to a common nucleate boiling curve.

This entire run showed a very definite hysteresis effect and was very similar to

Sugiyama's [Ref. 1] single tube data. Following nucleation, the four lower LTHFS fol-

lowed an identical nucleate boiling curve for the remainder of the increasing run. On the

decreasing run, the two lowest LTHFS showed a gradual return to the convection curve

indicating a gradual deactivation of nucleation sites as heat flux was reduced on the

upper tube. This coincided with no nucleation on the lower tube and also agreed well

with Sugiyama's [Ref. 11 single tube results. The remaining LTHFS departed from this
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curve (on the decreasing run) and showed significant enhancements (almost an order of

magnitude over a single tube at the lowest heat fluxes). The enhancement increased with

increasing the LTHFS until at LTHFS above 10 k W/mt, additional enhancement was

minimal. The curves followed by LTHFS greater than 1 kWIm" during the decreasing

run were also parallel to the increasing run natural convection curves. This suggests

strong convection effects on the upper tube when the lower tube is nucleating and heat

flux setting on the upper tube is below 10 k W/m2 . This agrees well with the data of

Fujita et al. (Ref 131. It should be noted that all LTHFS followed the same curve above

an upper tube heat flux setting of approximately 20 k WiM2 showing no effect of LTH FS

at high flux settings on the upper tube. This too is in agreement with Fujita et al.. Of
particular note is that the two highest LTHFS follow the same curve for both increasing

and decreasing runs, indicating complete elimination of hysteresis prominent in single

tube data. The above discussion indicates a significant effect of the lower tube upon the

upper tube when the lower tube is nucleating. There are almost negligible enhancements

when both tubes are in the convection regime.

b. Smooth Tube p/d Ratio of 1.8.

The smooth tube runs with a p/d ratio of 1.8 , shown in Figure 14, show
very similar results to that for a p/d of 2. As before for LTHFS of 0, 1 and 3 k WIm 2,

both tubes begin in the convection regime for the increasing run: again no significant

enhancement is seen in this region, although these curves are in better agreement with

Churchill and Chu [Ref 21. For a given LTHFS, onset of nucleate pool boiling (ONB)

occurs at different heat fluxes than in Figure 13, demonstrating the random nature of

this phenomena. A common nucleate boiling curve is followed by all LTHFS runs

above an upper tube heat flux setting of about 20 k W/m2. Hysteresis effects are similar

for low LTHFS as are the elimination of hysteresis for the two highest LTHFS. The

lower tube was seeded by bubbles from the R- 114 return line at high upper tube heat

flux for all LTHFS (except 0). When compared with Figure 13, the same enhancement

factors are seen at all but the highest heat fluxes, where the 1.8 p/d shows a slight en-

hancement over the 2 p/d. This will be shown more clearly on a later graph.

c. Smooth Tube pd of 1.5

The same trends and enhancements seen in the previous two prd ratios are
also seen in Figure 15. LTFI-FS of 0, 1 and 3 are very similar to the previous two pid

ratios with no appreciable enhancement in the convection region. The 'lower tube

started in the convection region for LTIIFS of 0, 1 and 3, and was nucleating throughout

for LTIIFS of 10 and 25 ktW/m2 The lower tube nucleated via 'secding" at higzh fluxes
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on the upper tube as for the previous two p/d ratios. ONB for the upper tube continued

to be a statistical phenomenon. Similar hysteresis patterns arc also seen. At the highest

heat flux settings, the 1.5 p/d shows a degradation compared to both the 1.8 and 2.0 pid.

This will again be shown more clearly on a later graph.

d. High Flux Tube p/d of 2

A plot of data runs made for the High Flux tube with a p/d ratio of 2 is

shown in Figure 16. The convection region looks very similar to that of the smooth

tubes in that they agree fairly well with Churchill and Chu [Ref. 2]. Also, there is no

appreciable enhancement in the convection region for increases in LTHFS from 0 to 3

k W/m2 . For LTHFS of 0, 1 and 3, the lower tube remained in the convection regime

until nucleation cf the top tube, as with the smooth tube cases. However for all the

High Flux tube runs, with the exception of the 0 LTHFS, the lower tube nucleated at

the same time as the upper tube when both tubes started in the convection regime. This

appeared to be due to the explosive nature of nucleation with these enhanced surfaces

which caused vapor to impinge upon the lower tube thereby causing immediate

nucleation on the lower tube as well; there are probably significant shock waves set up

within the pool that add to this nucleation of the lower tube as well. Once the upper

tube nucleated, the three LTHFS curves jumped to a common nucleate boiling curve,

and demonstrated a significant temperature overshoot, similar to that found by

Sugiyama [Ref. 1] for a single High Flux Tube. These LTHFS runs followed the same

nucleate boiling curve for the remainder of the increasing run and for the entire de-

creasing run; the form of the hysteresis loop agreed very well with Sugiyama's single tube

work [Ref 11.

The lower tube nucleated from the beginning of the increasing run for a

LTHFS of 10 and 25 kW/nm. Unlike the smooth tubes, the hysteresis loop is not com-

pletely eliminated for these two LTHFS. These curves demonstrate that the upper tube

experiences several effects during the increasing run. Tihe segment of the curve butween

500 and 1000 Wfm2 is parallel to the natural convection curves but well to the left (i.e.

well enhanced), indicating strong convection effects due to the bubble plume from the

lower tube sliding over the upper tube. This segment of the curve agrees very closely with

that for the smooth tube in the convection region for the same pitch and the same

LTHFS. This indicates that the bubbles sweeping over the upper non-nucleating High

Flux tube have the same enhancement effect as on an upper non-nucleating smooth

tube, i.e. it makes no difference which tube surface is used because the majority of "le

heat transfer is associated with the bubble plume sweeping over the upper tube from the

40



0
0

0-

+01

A.

,. ,°

022

a ... . "

So ..c:
• (DGLEG"SND

Figurex 15. Coprsno:LwrTb- lxStig o a pdRto0o . o

o........i0.3..

"413

/ ..x..2•5...

S*[ I*II, i , I I I * , ,,, s .0.04 0.1 1 10

TI-ETABI (DEGREES C)

Figure 15. Comparison of Lower Tube Flux Settings for a p/d ratio of 1.5 for

Smooth rule

41



nucleating tube below. This supports Cornwell's bubble sweeping hypothesis at low

heat fluxes [Ref. 17]. For upper tube heat fluxes above 1000 W/m 2, the curves for both

the 10 and 25 kI W/M2 LTHFS show almost vertical slopes, indicating partial nucleation

and mixed convection, eventually; at high enough heat flux as they join the same com-

mon nucleate boiling curve as before with LTHFS of 0, 1 and 3 k W/m 2 All decreasing

runs for all LTHFS followed the same curve, and agreed closely with both the 0 LTHFS

and with single tube data (Sugiyama [Ref. 11) for decreasing heat flux. There is some

difference between the curves on the decreasing run at low fluxes; however these differ-

ences are within the experimental uncertainty which is largest in this region. The above

suggests that there is no enhancement

of the upper tube heat transfer coefficient gained by heating the lower tube at a p/d of

2.

e. High Flux Tube p/d Ratio of 1.8

Figure 17 for a p/d of 1.8 is almost identical to that for a pitch of 2. The

same effects (as discussed for Figure 16 above) apply equally to Figure 17. Convection

and nucleate region curves fall on top of each other with the upper tube nucleating at

almost the same heat fluxes. The first segment between 500 and 1000 W/r 2 for LTHFS

of 10 and 25 kW/r 2 agrees very closely with the nucleate boiling region for the smooth

tube for the same pitch. The reasons for this are also discussed above, and demonstrate

the repeatability of this effect. The excellent agreement between the plots in Figure 17

and Figure 16 suggests that there is no effect of tube spacing at any heat flux. This will

become clearer in later figures.
f: High Flux Tube p1d Ratio of 1.5

Figure 18 shows the plot for a pitch of 1.5 to be almost identical to the

plots for pitches of 1.8 and 2. The differences in the plot are in the same areas as in the

previous pitch. The upper tube nucleates at different fluxes than in the previous two

pitches, again demonstrating the somewhat random nature of ONB. In all other respects

the plot is identical to the previous two, further reinforcing that there is nothing to be

gained from an upper enhanced tube by the presence of a nucleating lower enhanced

tube except if the upper tube is in the natural convection region.

2. The Effect of Tube Spacing

a. Lower Tube Unheated

To show the effect of tube spacing, plots have been made for all three

pitch-to-diameter ratios at each LTH-IFS used. For the base of an unheated lower tube,

the data are shown in Figure 19 for both the smooth and High Flux tubes for all three
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values of pid tested. This plot clearly shows the hysteresis loop for the smooth tubes
(discussed earlier) and the earlier incipient point associated with the High Flux tubes.
It should be noted that on a log/log plot, the temperature overshoot for the High Flux
tubes looks much larger than that for the smooth tubes. In fact it is the other way
around, with a smooth tube temperature overshoot of around 25 K and a High Flux
value around 15 K. In the natural convection region, all the data fall very closely to-

gether. Following nucleation of the upper tube, the three curves for each tube jump to
that tube's respective nucleate boiling curve for the remainder of the run; these curves
agree well with Sugiyama's [Ref. 1] single tube data for both smooth and High Flux
tubes. As expected for an unheated tube, there is no effect of tube spacing for High

Flux tubes for any heat flux. However for the smooth tubes at high heat fluxes, there
does appear to be a definite effect of tube spacing, with a p/d of 1.8 giving the best heat
transfer performance. With the bottom tube unheated, it is unclear as to why this
should be the case (except that its presence obviously effects the circulation patterns in
the evaporator), but as will be seen, this trend is consistent even when the lower tube is

heated.

b. Lower Tube Heat Flax Setting of I kWIm 2

Results for both tube surfaces at three values of p/d for a I k W/mr LTHFS
are shown in Figure 20. In the natural convection region, it appears that both High
Flux and smooth tubes show a small increasing enhancement with increasing tube

spacing. This agrees with Sparrow and Niethamxners [Ref. III and Marsters [Ref. 12]
work with air. It should be noted that for this LTHFS, both upper and lower tube were

in the convection region at the start of the increasing run. Figure 20 also shows the
lower nucleation heat fluxes associated with ONB for High Flux tubes. Once the upper
tubes nucleate, all curves 'jump' to a nucleate boiling curve. The High Flux tubes follow
the same nucleate boiling curve regardless of spacing for the remainder of the run. This
suggests that for a High Flux tube which is nucleating, there is no effect of heating from

a lower tube with a LTHFS of I kW/mn2 or less for any p/d ratio. The smooth tubes on
the other hand, do show small enhancements throughout the nucleate region for the
three values of p/d. These are similar to the data shown in Figure 19 when the bottom

tube was present but not heated, and suggests that these effects are directly related to
the tube spacing itself and not due to the fact that the lower tube is heated. In
Figure 20, there does seem to be some efrect of p,'d at these lower heat fluxes on the

boiling curve; furthermore, this appears to be opposite to the trend found at high heat
fluxes, i.e. a p,'d of 1.5 gives the best heat transfer. However, this is thought to be ex-
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perimental scatter as it does not occur on later graphs, whereas the effect at high :'-at

fluxes is very repeatable.

c. Lower Tube Heat Flux Setting of 3 k W/mP

The plot shown in Figure 21 for a LTHFS of 3 kW/rn2 is very similar to that

for 1 k W/tm. The same enhancement trends are seen in the convection region in that

both tubes show increasing enhancement with increasing pitch, with the exception of the

smooth tube with a p/d of 1.8. This is believed to be due to scatter because the per-

formance shown for both tubes for the other LTHFS

in the natural convection regime tend to follow an increasing enhancement with pitch

trend. It should be noted for this LTHFS that both lower and upper tube were in the

convection region at the beginning of the increasing run. Once the upper tube had

nucleated, then the lower tube also started to nucleate from the 'seeding' process men-

tioned earlier. Following nucleation, the High Flux runs show the same results as in the
previous LTHFS. The smooth tube still shows small enhancements at high heat fluxes

as in the previous LTHFS, with a pitch of 1.8 giving the best enhancement. However
in the boiling region below 10kW/m2 , no enhancements are discernable due to p/d (as

mentioned earlier) and the curves fall directly on top of one another.

d. Lower Tube Heat Flax Setting of 10 k W/m2

It should be noted that for this LTHFS, the lower tube nucleated at the

beginning of the run and remaincd that way throughout the run. The plot for a LTHFS

of 10 k W/mr is shown in Figure 22 and clearly shows the elimination of hysteresis for
the smooth tube. Thus the effect of the bubbles from the lower tube sweeping over the

upper tube (even when the upper tube is in the convection region) is enough to 'simulate'
full nucleation from the upper tube, again supporting Cornwell's hypothesis that at low

heat fluxes, the majority of the heat transfer from upper tubes in a bundle is due to
convection effects from below. Figure 22 also clearly shows that there is no effect of

spacing for smooth tubes except at high heat fluxes, as before (above 20 klV/m2 ). For
the High Flux tube it is clear that there is no effect of spacing in the decreasing portion

of the curve as before. It is unclear what influence spacing may have on the increasing
curve as any effects appear quite random. This suggests that the effect of spacing in this

region is very small if not negligible. As mentioned earlier, the segment of-the increasing

High Flux curve between 500 and 1000 W/m 2 is parallel and very close to the same seg-

ment for the smooth tube curve. Note that 'or the smooth tube, the curve is the same
for increasing and decreasing heat flux, suggesting that the top tube is not nucleatingz

at these low heat fluxes and that the enhancement seen is due entirely to the sweeping
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bubbles from below. This implies that both tubes experience very similar convective

effects when influenced by a vigorously boiling tube below. This was discussed in more

detail earlier.

e. Lower Tube Heat Flux Setting of 25 k W/mn2

Figure 23 shows results for a LTHFS of 25 kW/rm and is very similar to
that for 10 k W/rm. It should be noted that the lower tube in each case was nucleating
from the beginning of the run. The only region where spacing has any effect is in the

high heat flux boiling region (above 20 k W/m=) for the smooth tube. As in the previous
case, any effects of tube spacing on the High Flux tube can be considered negligible.
Again, of particular interest is the segment of the increasing curves between 500 and

1000 W/m 2. Here the curves for the smooth and High Flux tube fall on top of one an-
other, further implyimg that at low heat fluxes (with the lower tube nucleating vigor-
ously) the convection effects on the two types of surface are the same. Of note is the
excellent repeatability of the data.

3. Both Tubes Subject To the Same Heat Flux

In addition to the data already presented, two additional runs were conducted,
(one for each type of tube) in which the upper and lower tube were run up and down
together at the same heat flux setting; these tests were both conducted with a p/d of 2.
It should be noted that the upper and lower tubes were in the convection region at the
beginning of the runs. The results of these two tests (for the upper tube only) are shown
in Figure 24. The High Flux tube data fall on top of previous data, showing no effect
of the lower tube throughout the entire heat flux range. This was expected due to the
"repeatability' of the High Flux tube shown in Figure 19 through Figure 23. The
smooth tube shows a much earlier incipient heat flux for the upper tube. However, there
is a large step in heat flux at this point due to the upper tube suddenly nucleating at a
lower than expected heat flux (the cause of this nucleation is unknown and may be just
a function of the randomness of this phenomenon mentioned earlier, Apart from its
early ONB, the smooth tube follows a very similar boiling curve to that shown previ-

ously for a p/d of 2. At the lowest values of heat flux, the hysteresis 'loop' is still slightly
open; this is because the lower tube still has a small number of active nucleation sites

which are slightly enhancing the top tube. At I &capflux., the difference between the
increasing and decreasing values of AT is similar to that found on Figure 20 for a
LTHIFS of I kW/m 2. This also true for the other LTHFS, i.e.the curve on Figure 24
coincides at one point with the boiling curves in Figure 19 through Figure 23 at the

respective LTIIFS. Of particular interest is that the foregoing results agree with and
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complement certain results found from the bundle apparatus in the Heat Transfer labo-

ratory. Not too many conclusions can be drawn from Figure 24 due to the lack of data

taken at other spacings. This is one area which should be further investigated in the

future.
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VI. CONCLUSIONS

1. There is no effect of tube spacing on High Flux tube performance at any heat flux.

2. The effect of tube spacing on smooth tube performance is present (but small) in the

convection region. At high fluxes (> 20 k W/rm), there is a systematic dependence on

tube spacing with a p/d ratio of 1.8 giving the best heat transfer performance.

3. A nucleating lower High Flux tube significantly enhances an upper High Flux tube in

the convection region due to bubble sweeping. There is no effect of a heated lower tube
on a nucleating upper High Flux tube.

4. A vigorously nucleating lower smooth tube (> 10 kW/r 2) eliminates all hysteresis ef-
fects on an upper tube. A partially nucleating lower smooth tube (S 3 k W/m2 ) signif-

icantly enhances (by an order of magnitude) an upper smooth tube.

5. For low upper tube heat flux settings (< 1000 W/nm) and vigorous nucleation on the

lower tube, High Flux and smooth tubes exhibited similar performance demonstrating

that the majority of the heat transfer is due to bubble sweeping from below.
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VIl. RECOMMENDATIONS

1. Continue present work with other spacings and 'bundle' configurations.

2. Adapt the current apparatus to provide a larger evaporator to accommodate more

than two tubes. This would probably also provide better conditions for videotaping the
phenomena within the evaporator.

3. Resume experiments operating both tubes at the same heat fluxes for other spacings.

4. Pursue modeling of the enhancement effect, taking into account the mixed effects of

convection (from a lower tube). Studies of a smooth tube placed above an enhanced

tube might shed light on this.

5. Measurement of temperature in the plume from the lower tube to study the effect of
spacing in both the natural convection and boiling region.

6. Acquisition of a Hewlett-Packard to IBM converter would greatly increase the ability

to produce results from processed data within a short time frame.
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APPENDIX A. SAMPLE CALCULATIONS

Data set DAT0529152 was chosen for sample calculations. The saturation temper-

ature was 2.25 oC, the heat flux on the upper tube was 35590 Wlrm,.

A. TEST-TUBE DIMENSIONS

Do = 0.01582 m

Di= 0.0132 m

DI =0.013 m

L-0.190m

Lu = 0.076 m

B. MEASURED PARAMETERS

V = 147.55 V

I -2.44 A

TI = 5.88 *C

T2 = 4.90 °C

T3 = 5.38 *C

T4 not read, defective

T5 = 5.77 °C

T6 = 7.06 *C
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T7 = 5.66"C

7T8 = 5.48 *C

Tsar = 2.25 *C

kc = 45 W/m . K

C. OUTER WALL TEMPERATURE OF THE TEST TUBE

p = ir - Do = x! . 0.01582 = 0.0497 m

Ac - ir(Do - Di2)14 - •((0.01582) - (0.0132)'}/4

Ac = 5.97/x 107 m'

Qh = VI = 145.55 • 2.44 = 360.02 W

m
Tavg - ZTn/m = 5.73 *C

where m = the number of operational thermocouples used

Two = Tavg - Qh . {(ln(Do/D1)/(2 -ir a L - kc)}

Two - 5.73 - 360.02( In( 0.01582 )( n0.203240.01295)/2 .0.024)

Two - 4.48 °C

E) = Two - Tsar - 4.48 - 2.25 = 2.23 °C
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D. PROPERTIES OF R-114 AT FILM TEMPERATURE

Tf = (Two + Tsat)12 = (4.48 + 2.25)/2 = 3.36 °C

A = exp[ -4.4636 + (1011.47/TJ)] - 10-'

S- exp[ -4.4636 + (1011.47/(3.36 + 273.15))] .10-3 3.76 x 10-4 N •s/rmn

Tc = Critical Temperature(*R) = 753.95 *R

TA* R) = 498.05 -R

j- I - TIR)/Tc(R) - I - 498.05/753.95 - 0.34

p = 581.77 + 984.15j1/3 + 263.02j + 279.99j1/2 + 17.94j2

p = 1522.7 kg/m3

v =• 14p = 3.7605 x 10-4/1522.72 =a 2.47 x 10-7 M21s

k- =7.1 x 10-2 {2.61 x 10' TAC*Q)

k- =7.1 x 10-2 - (2.61 x 10' 3.36) = 7.01 x 10-2 W/,n K

Cp-- 400 + 1.65. Tf+ (1.51 x 10- 3 Tf2) - (6.68 x 10- 7 T]3 )

Cp = 959.86 J/kg. K
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S=k/p. Cp =7.0224 x 10-2 =4.80 x 10- mrnIs
1522.72 • 959.856

= - (ApIAT)/p = 1.02011 x 10-((I/K)

Pr = vfa=- 5.15

E. HEAT FLUX CALCULATION

Using Churchill and Chu s correlation for a cylinder in natural convection, the heat

transfer coefficient from one non-boiling end can be calculated as:

[ g* - Do 3 - -tanh(m -Lu) \I/6 1
h .. 0.6 B .8 v * a * Lu * mn J681 2

h=Do +I 081 [+ (0.559/Pr)9116 8 7  f
where

m = ((h .p)/(kc. Ac)}1

and h was computed through an iterative process beginning with an assumed h of
190 W/mr2 K. The resulting h and m were:

h 110.78 Wlmr2 - K

m -45.28

Qf = (h , p * kc c Ac) 112 . 0. tanh(m . Lu) = 0.27 W

F. HEAT FLUX THROUGH ACTIVE BOILING SURFACE

Q = Qh - 2 , Qf= 360.02 - 2(0.27) = 359.47 W

Ab =- r • Do • L = r •.0.01582 • 0.2032 = 1.01 x 10-2 m 2
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q" - Q/Ab = 359.47/1.01 x 10-2 - 35595 W/m 2

h - q'/® - 35595/2.23 = 15955 W/m2 • K

The following results were produced by the data acquisition and reduction program

DRP72:

q - 35590 W/m 2

h- 15969 W/m'• K

)- 2.23 *C

The calculations were exactly the same for both tubes.
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APPENDIX B. UNCERTAINTY ANALYSIS

For comparison purposes, uncertainty was determined using the same methods
(those of Kline and McClintock [Ref. 181) as Sugiyama in single tube work [Ref.1 Ap-
pendix El. Four data points (two for the smooth tube and two for the High Flux tube)
were selected for the uncertainty analysis. These points were selected such that uncer-
tainty could be determined in the high and low heat flux regions for each tube. The
points selected were data sets 19 and 35 from run DAT0529D52 and data sets I and 13
from run DAT0425D42. The following is a sample calculation of uncertainty for data
set 19 of run DAT0529D52 (i.e. low heat flux setting on the High Flux tube). Measured
and calculated parameters were obtained as in Appendix A, sample calculations. All

uncertainties are expressed as a percentage of the calculated parameter. Results are shown

in Table 5

A. UNCERTAINTY IN INPUT POWER.

Qh-- V1

Is= 0.37 V 6I1 +0.025.A

where 6 = uncertainty in measurement and calculation

Vs = 1.75 V 6YV + 0.05 V

1 = 1.92 • Is 0.71A

V =25. Vs= 43.78 V

6QhlQh = ((6 VI Vs) 2 + (6I/Is)2)1/2

6QhfQh = ((0.05/1.75)2 + (0.025/0.37)2)1/2

Qh/Qah = 7.33

63



B. UNCERTAINTY IN SURFACE AREA

Ab=-r.Do.L

Do•- 15.82mm 6Do - 0.lmm

L - 203.20mm 6L - 0. 1mm

6AblAb = ((5DolDo)2 + (6LIL)2)112

6AblAb - ((0.1115.82)2 + (0.1/203.2)2)112

5Ab/Ab - 0.63

C. UNCERTAINTY IN WALL SUPERHEAT

AT - Two - Tsai

Tsai = 2.27"C 6Tsar = 0.01*C

Two = Tavg - Qh[( ln(Do/D1))/(2 . x * L - kc)]

"Tn = thermocouple readings

TI = 2.76"C T2 = 2.61"C

T3 = 2.67"C T4(defective thermocouple)

T5 = 2.74"C T6 = 2.81"C

T7 = 2.76°C 7"8 = 2.74*C

Tavg = ('Tn/7)
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where n = I to 3, 5 to 8

Tavg = 2.73"C

S.D. - ((Y(Tn - Tavg)2)/n)"I2 = 0.0610C

where S.D. - standard deviation

Compared to Tavg, the logarithmic term in the equation for Two is small and is
neglected for the uncertainty analysis.

Two = Tavg = 2.730C 6Two = S.D. = 0.061°C

AT= 0.37 0 C

JA TIAT - ((6 Two/lA7) 2 + (6 Tsar/A7T)2)/ 2

6ATIATT- ((0.061/0.368)2 + (0.01/0.368)2)112

6AT/AT= 16.8

D. UNCERTAINTY IN HEAT FLUX

q - (Qh - 2 . Qf)IAb

Qh = 31.08W 6Qh = 2.28W

Assuming the same proportion in the uncertainty for Qf(losses from the unheated ends):

Qf= 1.6W Of= o.12W

Qh - 2. Qf= 27.9W

6ql/q = {(cQh/(Qh - 2. Qf))2 + (2 - Q/7(Qh - 2 . Qf))2 + (6Ab/Ab)2}'I2
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q'/q' -= ((2.28/27.88)2 + (2 .0.12/27.88)2 + (0.0063)2)/'2

6q /q = 8.21

E. UNCERTAINTY IN BOILING HEAT TRANSFER COEFFICIENT

h - q'IAT

6h/h = {(6q /q)2 + (6AT/AT)2112

6h/h = ((0.0821)2 + (0.168)2)1/2

6h/h - 18.7

Table 5. UNCERTAINTY ANALYSIS FOR FOUR POINTS_
Parameters Smooth tube Smooth tube High Flux tube High Flux tube

2685 W/m2  38440 W/m2 3070 W/rm2 35590 W/mrn
6Qh/OQh () 7.01 1.98 7.33 2.14
6Ab/Ab (%) 0.63 0.63 0.63 0.63
6ATIAT(%) 1.91 2.52 16.8 8.08
6q'lq (o) 7.79 2.18 8.21 2.23
6h/h (%) 8.02 3.33 18.7 9.40

Uncertain.ties listed in Table 5 show that the main source of uncertainty is in the
rrieasurement and calculation of AT. The uncertainty in AT is probably due to inaccu-
racies introduced during the manufacturing process. For instance, the solder pools at-
taching thermocouple wires to the interior sleeve may have impurities (e.g. small air
gaps) which in close proximity to the thermocouple junction could atrcct the local heat
resistance and thereby the temperature. Eight thermocouples were used to obtain the
wall average and reduce this uncertainty. This also points out that furthcr improvemcnts

in accuracy must be made in this area first. Graphical displays of uncertainty are shown
in Figure 10 and Figure 11.
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APPENDIX C. REPRESENTATIVE DATA SET
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Date 6 Aar 19'Z

NOTE: Program name ORP71
Disk number -Z

New file name: DAT0406142
TC is defective at location S
No defective AUX TC3 exist
Tube Number: 4

Date Set Number - I Bulk Oil % 9.0
TIME: 16:09:03
TC No: I 2 3 4 S 6 7 8
Tema : 2.61 2.62 2.64 2.6Z -99.99 2.61 2.62 2.66
TC No: 9 to HI 1ý 13 14 IS 16
Tema : 16.87 27.84 21.11 26.61 12.17 27.96 18.51 23.24
Two ATwe Tliqd TlLQd2 Tvapr Psat Tsumo
2.62 21.59 2.29 2.21 2.29 -1.70 -16.S

Thetab Htube Qdp Athetab Ahtube AuOdo
.356 i.716E+03 6.112E+02 19.325 5.093E+62 9.842E+03

Date Sgt Number - 2 Bulk Oil % = 6.0
TIME: 16:10:51
TC No: I 2 3 4 S 6 7 8
Tema : 2.71 2.72 2.73 2.79 -99.99 2.68 2.68 2.73
TC No: 9 1@ II 12 13 14 IS is
Teom : 16.87 27.86 22.16 26.66 I.S 27.89 18.46 23.21

Twa ATwa Tliqd Tltqd2 Tvapr Psat Taump
2.76 21.98 2.31 2.24 2.26 -1.6! -16.S

Thstab 1tube - dp Athetab Ahtube AuOdo
.437 1.384E+03 6.048E+G2 19.309 S.074E+62 9.798E+03

Data Set Number - 3 Bulk Oil % " 6.0
TIME: 16:15:44
TC No: I Z 3 4 S 6 7 8
Tema : 3.42 3.56 3.49 3.47 -99.99 3.46 3.40 3.S2
TC No: 9 16 11 12 13 14 IS Is
Teaf : 16.86 27.86 22.6? Z6.63 10.09 27.94 IC.SU 23.25
Two ATwa Tliqd Tlipd2 Tvaor Peat Taump
3.45 21.58 2.29 2.21 2.24 -1.72 -16.4

Thetab Htube Oda Athetab Ahtube AuQdp
1.266 1.307E+03 l.577E+03 19.342 S.10@E+02 9.864E803

Data Set Number - 4 Bulk Oil Z , 0.0
TIME: 16:16:21
TC No: 1 2 3 4 S 6 7 8
Tema : 3.43 3.52 3.51 3.48 -99.99 3.40 3.40 3.54
TC No: 9 1@ II 12 13 14 is 16
Tema : 16.87 27.SS 22.07 :6.62 10.1: 27.93 18.51 23.Z&

Twa ATwa Tlipd Tliqd2 Tvapr Pset Tsump
3.46 21.59 ".31 2.-2 2.27 -1.69 -16.4

Thetab Htube Odo Athetab Ahtube Au~do
1.189 1.324E+03 I.S74E+03 19.314 S.106E+02 9.862E+03

Data Set Number - S Bulk Oil = 0.0
TIME: 16:22:00
TC Njo: 1 I 3 4 S 6 7 8
Tema : 4.47 4.56 4.54 4.50 -99.99 4.45 4.44 4.65
rc rio: 9 10 II 12 13 14 is Is
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Temp :15.9Z 217.79 21.99 Z6.SS 10.08 27.86 18.44 23.18
Twa ATwa TiLqd Thtqd: Tvapr Psat Tsump
4.54 Z1.52 2.1.S 2.18 21.23 -1.74 -16.3

Thatab 4tube Qdp Athetab Ahtube AuQdo
2.52I1 .270E+03 2.948E+03 19.301 5.106E+@'. S.S55E.03

Data Set Number - 6 Bulk Oil . 0.0
TIME: 16:22:41
TC No: 1 2 3 4 s 6 7 8
Tamp : 4.S1 4.65 4.62 4.57 -99.99 4.4S 4.44 4.64
TC No: 9 19 11 12 13 14 Is 16
Temip -16.81 27.798 '61.98 26.55 19.06 27.86 18.4S 23.17

Two ATwa Tliqd TIiqd2 Tvaor Psat Tsump
4.54 21.52 2.29 2.19 2.23 -1.73 -16.2

Thetab Htube Oda Athetab Ahtube Au~dp
4.305 1.279E+03 2.948E+03 19.1183 S.IISE+02 9.BSSE+03

Data Set Num'ber - 7 Bulk Oil - 0.0
TIME: 16:27:34
TC No: 1 2 3 4 s 6 7 a

Tap: 6.63 6.95 6.99 6.821 -99.99 6.48 6.48 6.90
TC No: 9 1@ I1 12 13 14 is Is
Tamp : 16.79S 27.80 21.97 26.S7 10.00 27.88 18.43 23.19

Twa ATwa Tliqd Tlipd&" Tvapr Psat Taump
6.70 21.51 2.-27 2.19 2.20 -1.75 -16.2

Thetab Htubs Qdc Atheteb Ahtube Au~do
4.484 1.269E+03 S.689E+93 !9.2696 5.113E+02 9.867E+93

Data Set Number - S Bulk Oil % - 0.0
TIME: 16:ZS:36
TC No: 1 2 3 4 s S 7 a
Temp : 6.AS 6.95 6.99 6.91 -99.99 6.55 6.55 6.95
TC No: 9 1@ 11 112 13 14 is is
Tema : 16.89 27.88 22.06 Z6.65 10.20 27.96 18.54 23.27

Twa ATwa Tliqd TlxqdZ Tvapr Psat Tsump
6.72 21.61 2.30 2.26 232-.6 1.

Thetab Htube Qdp Athetab Ahttabe Au~dv
4.419 l.292E+03 5.709E+03 19.313 5.131E.0Z 9.,909E.03

Data Set Number - 9 Bulk Oil % 0.0
TIME: IS: 30: 19
TC No: 1 2 3 4 s 6 7 9
Temp : 6.64 6.99 6.94 6.86 -99.99 6.62 6.60 6.97
TC No: 9 10 11 12 13 14 Is i6
Temp : 16.39 27.90 22.08 26.67 10.19 27.99 18.65 23.31a

Twa ATwa TIiqd TlipdZ Tvaor Psat Tsumo
6.77 21.63 21.36 2.28 2.33 -1.63 -16.1

Thetab Htube Oda Athetab Ahtube Au~dv
4.443 1.2852+03 9.710E+03 19.304 S.132E.021 9.906E+03

Data Set Number - 10 Bulk Oil 7.- 0.0
TIME: 16:36S:47
TC No: 1 1. 3 4 S 6 7 8
Temp : 9.57 9.15 9.03 9.95 -99.99 8.48 8.51 9.06
TCNo, 9 It 11 12z 13 14 Is is
Temp : 16.90 27.82 21.99 Z6..S9 10.03 27.90 19.44 23.21

Twa ATwa Tliad TliodZ Tvaor Psat Tauma
8.77 1.S3 Z.27 :.20 Z.2s -1.72 -15.9

Thetab Htube Oda Athetab Ahtube Au'~do
5.S29 I.Z9'2E+03 8.431E-03 19.:98 S.13SE*02 9.304E-ý03
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Gata Set Number - 11 Bulk Oil % - 0.0
TIME: 16:37:31
TC No: I 2 3 4 S 6 7 8
Temp : 8.67 9.15 9 07 SA.9 -99.99 8.57 8.54 9.04
TC No: 9 10 11 1: 13 14 Is 16
Temo : 16.33 27.85 ZZ.0i Z5.61 10.04 27.93 18.48 23.24

Twa ATwa Tliad Tlrd2 Tvaor Psat Tsumo
•8.81 21.56 2.Z8 2.:: :.27 -1.71 -IS.9
Thetab Htube Qdv Atizab Ahtube AuOd3
6.549 1.298E+03 8.433E+03 19.302 S.141E+02 9.924E+03

Data Set Number - 12 Bulk Oil % - 0.0
TIME: 16:46:52

TC No: I 2 3 4 5 6 7 8
Tamp : 10.81 11.49 11.44 11.32 -99.99 10.67 10.70 11.45
TC No: 9 10 II 1. 13 14 is 16
Temp : 16.8S 27.9Z 22.13 26.67 10.02 28.00 18.49 23.28

Twa ATwa Tliqd Tliqd2 tveor Psat Tsumo
11.06 2t.S9 2.32 2.26 2.Z8 -1.67 -15.5
Thetab Htube Odp Athetab Ahtube AuOdp

8.771 1.314E÷03 I.IS2E+04 19.305 S.152E+02 9.946E+03

Data Set Number - 13 Bulk Oil % - 0.6
TIME: 16:47:44
TC No: 1 2 3 4 5 6 7 8
Tamp : 10.76 11.52 11.44 11."1 -99.99 10.73 10.71 11.3r
TC No: 9 1@ II 11 13 14 is i6
Tamp : 16.85 27.89 22.01 26.65 10.01 27.97 18.49 23.2S
Twa ATwa Tliqd TliqdZ Tvaor Psat Tsump

11.03 21.57 2.32 2.24 2.27 -1.68 -1S.4
Thetab Rtube Adt Mhetab Ahtube AuQdU
9.759 1.318E+03 l.154E+04 19.Z96 S.166E+02 9.969E+03

Data Set Number - 14 Bulk Oil % = 0.0
TIME: 16:57:55
TC No: 1 2 3 4 S 6 7 a
Temo : 12.48 13.36 13.i5 13.10 -99.99 12.29 11.30 13.19
TC No: 9 10 I1 12 13 14 IS 16
Tamp : 16.80 27.91 21.99 26.66 9.97 27.99 19.4S 23.2S

Twa ATwa Tlqd Tliqd2 Tvaor Pset Taump
12.77 21.56 2.23 2.18 2.18 -1.77 -14.9
Thetab Htube Odp Athetab Ahtube Au0dp
t0.576 1.332E+03 1.409E+04 19.366 S. ISE+02 9.9899E+03

Data Set Number - IS Bulk Oil Z - 0.0
TIME: 16:98:31
TC No: I 2 3 4 5 6 7 8
Temp : 12.40 13.36 13.29 13.14 -99.99 12.46 12.46 13.36
TC No: 9 10 II i: 13 14 IS Is
Temp : 16.94 27.9Z 2:.02 26.68 10.00 28.02 18.49 23.29

Twa ATwa Tliqd TlILqd2 Tvaor Psat Tsumo
12.84 21.59 2.24 2.19 2.:: -1.74 -14.8
Thetab Htube Qdo Athetab Ahtube AuOda
10.619 1.330E+03 1.41ZE*04 19.369 S.171E+OZ 1.00:E+04

Data Set Number - 16 Bulk Oil • 0.0
rIME: 17:0s:00
rC N,: : 3 A 9 G 7 9~remo ?G4.'J 9B.2 15. 4.-72 -99.39 14.13 14.08 IS.06
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TC No: 9 10 II 12 13 14 is IG
Tamp : 16.84 27.94 22.04 25.69 10.0' :8.32 19.49 23.26

Twa ATwa ThLqd Tliqd2 Tvapr Psat Tsump

14.52 :1.S9 2.29 2.-3 2.19 -1.74 -14.5

Thetab Htube Oda Athetab Ahtube AuOdP
12.300 I.36SE+03 1.679E+04 19.370 S.170E.02 1.001E+04

Data Set Number - 17 Bulk Oil % - 0.0

TIME: 17:05:42

TC No: I 2 3 4 5 6 7 8

Team : 14.12 IS.39 1S.28 14.77 -99.99 14.1S 14.16 15.10

TC No: 9 to II 14 13 14 1s is
Temp : 16.83 27.93 22.02 26.69 9.98 "8.02 18.49 23.28

Twa ATwa TlLqd Tliqd2 Tvaor Psat Tsump

14.61 21.S9 2.27 2.18 2.20 -1.75 -14.4
* Thetab Htube Oda Athetab Ahtube AuOd0

12.398 1,354E+03 1.679E+04 19.375 5.194E+02 9.986E+03

Data Set Number - 18 Bulk 0il % - 0.0
TIME: 17:10:46
TC No: 1 2 3 4 S 6 7 8

Temp : 15.64 16.91 16.80 16.36 -99.99 16.07 16.01 16.72
TC No: 9 10 II 12 13 14 is 16
Teap : 16.68 27.63 21.81 26.40 9.92 27.71 18.31 23.03

Twa ATwa Tliqd Tliqd2 Tvapr Psat Tsump

16.24 21.37 2.25 2.16 2.14 -1.890 -14.2
Thetab Htube OdD Athetab Ahtube AuQdp

14.067 1.406E+03 1.978E+04 19.198 S.147E+02 9.891E+03

Data Set Number - 19 Bulk Oil X - 0.0

TIME: 17:11:22
TC No: I 2 3 4 S G 7 8
Tamp : 15.54 16.84 16.73 16.36 -99.99 16.06 15.96 16.80

TC No: 9 10 II 12 13 14 is 16
Temp : 16.68 27.64 21.80 26.41 9.94 27.72 18.32 23.04

Twa ATwa Tliqd .. Tvaar Psat Tsuma
16.21 21.38 2.2S :.lS 2.1S -1.80 -14.1

Thetab Htube Oda Athetab Ahtube Au~dp

14.036 1.407E+03 1.975E+04 19.207 5.139E+02 9.870E+03

Data Set Number - 20 Bulk Oil % 1 0.0
TIME: 17:16:SB
TC No: 1 2 3 4 5 6 7 8

Temp : 17.40 18.39 18.23 17.64 -99.99 17.89 17.6" 18.27
TC No: 9 1@ 11 1" 13 14 Is IS

Tema : 16.77 27.72 21.88 26.50 9.98 27.79 18.39 23.08
Twa ATwa Tliqd Tliqd2 Tvapr Psat Tsumv

17.78 :1.45 2.32 2.25 2.20 -1.72 -13.9
Thetab Htube gdo Athetab Ahtube AuOdp

IS.539 I.SIGE-0V 2.3:SSE04 19.206 S.148E+0@ 9.386E+03

Data Set Number - 21 Bulk Oil Z - 0.0
TIME: 17:17:40
TC No: t Z 3 4 S 6 7 9
Tema : 17.39 18.33 18.18 17.62 -99.99 17.92 17.64 18.24

TC No: 9 10 1I 12 13 14 Is Is
Temo : 16.7- 2774 21.31 26.52 10.02 27.82 18.4: 3Z.11

7,a Arwa rt1lid rtlod: rtior P-at T 5Jma

rhetaOb H t I )do Athet3b Ahtube AuQda
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IS.S11 I.SZZE*03 2.360E+04 19.234 5.I59E+02 9.913E+03

Data Set Number - 22 Bulk oil • - 0.0
TIME: 17:Z3:IS
TC No: I . 2 3 4 5 6 7 8

Temp : 18.S6 18.95 19.94 18.14 -99.99 19.66 18.75 18.83
TC No: 9 10 II 12 13 14 Is 15
Tamp : 15.77 27.73 Z1.90 26.50 10.07 27.81 18.40 23.11
Twa ATwa TliQd Tltqd2 Tvacr Psat Tsump

18.65 21.47 2.28 2.12 2.12 -1.77 -13.S
Thetab Htube Qdp Athetab Ahtube AuQdp
16.455 1.725E+e03 2.838E+64 19.274 5.138E+02 9.943E+03

Data Set Number - :3 Bulk Oil % - 0.0
TIME: 17:23:S7
TC No: t 2 3 4 5 6 7 a
Tamp : 18.50 18.93 18.88 18.11 -99.99 19.63 18.72 18.81
TC No: 9 1@ II 12 13 14 is IS
Temp : 16.77 27.74 21.90 26.52 10.05 27.83 18.42 23.12

Twa ATwa Tliqd Tliqd2 Tvapr Psat Tsump
18.63 21.48 2.28 2.22 2.12 -1.78 -13.5
Thetab Htube Odo Athetab Ahtube AuQdp

16.442 1.729E+03 2.843E+04 19.291 5.12SE+02 9.889E+03

Data Set Number - 24 Bulk Oil 2 - 0.0

TIME: 17:29:40
TC No: 1 2 3 4 S 6 7 8
Tamp : 19.01 19.38 19.33 18.42 -99.99 21.01 I1966 19.18
TC No: 9 10 it 12 13 14 iS 16
Temp : 16.83 27.80 21.96 26.58 10.09 27.97 18.47 23.14

Twa ATwa Titqd Tliqd2 Tvapr Psat Tsumo
19.23 21.53 2.29 2.18 2.17 -1.76 -13.1
Thetab Htube Odp Athetab Ahtube AuOdp
17.029 1.969E+03 3.3s3E+04 19.320 S.122E+02 9.896E+03

Data Set Number - 2S Bulk Oil % - 0.0
TIME: 17:30:27
TC No: I 2 3 4 S 6 7 8

Tamp : 19.16 19.42 19.32 18.42 -99.99 21.02 19.66 19.16
TC No: 9 10 11 12 13 14 IS 16
Temp : 16.84 27.81 Z1.97 26.60 10.11 27.89 18.48 23.18

Twa ATwa Tliqd Tlipd2 Tvapr Psat Tsumo
19.24 21.54 2.32 2.21 2.19 -1.74 -13.1

Thetab Htube Odo Athetab Ahtube Au0dd
17.010 1.968E+03 3.348E+04 19.317 5.107E+02 9.865E+03

Data Set Number - 26 Bulk 011O % 0.0

TIME: 17:35:S3
TC No: i 2 3 a S 6 7 8

Temp : 19.60 19.2!J I9.8I 18.74 -99.99 22.75 20.47 19.48
TC No: 9 10 II 12 13 14 IS 16
Temo : 16.81 27.76 21.93 28.S4 10.06 27.83 18.44 23.13

Twa ATwa Tliqd TliqdZ Tvaor Psat Tsuma
19.84 21.49 2.21 2.10 2.11 -1.84 -12.7
Thetab Htube Odo Athetab Ahtube Au~do
17.70S 2.449E+03 4.335E+04 19.361 5.096E+02 9.866E+03

Data Set NuMber - 27 Bulk Oil * - .O
TIME: 17:36:50

TC No: I 3 9 6 8
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Temp : 19.6Z 19.91 19.82 18.76 -99.99 22.76 20.54 19.S3
TC No: 9 10 II I1 13 14 is i6

Temp : 16.97 27.80 :1.98 26.58 10.18 27.88 18.51 :3.18

Twa ATwa Tliqd Tliqd2 rvapr Psat Tsump

19.97 21.SS Y.33 1.19 2.20 -1.73 -12.6

Thetab Htube Odp Athetab Ahtube AuOdP

17.639 2.456E+03 4.332E+04 19.326 S.11tE+62 9.875E+03

Data Set Number - 29 Bulk Oil % - 0.0

TIME: 17:40:06
TC No: I 2 3 4 5 6 7 8

Tem: 2:.2S 20.32 20.40 19.23 -99.99 24.53 21.18 20.00

TC No: 9 1@ 11 12 13 14 IS IS

Temp : 16.89 27.83 21.99 26.60 10.17 27.91 18.S3 23.22

Twa ATwa Tliqd Tliqd2 Tvapr Psat Tsump

"20.50 21.58 2.32 2.28 Z.14 -1.75 -12.3
Thetab Htube Qdp Athetab Ahtube AuOdp

18.277 3.312E+03 G.054E+94 19.3S9 S.083E+02 9.839E+03

Data Set Number - 29 Bulk Oil % - @.0

TIME: 17:40:48
TC No: I 2 3 4 S 6 7 8

Tamp : 20.23 20.30 26.38 19.122 -99.99 24.S 21 .17 20.00
TC No: 9 I6 11 12 13 14 is is

Temo : 16.85. 27.74 21.93 26.51 10.13 27.82 18.47 23.15
Twa ATwa Tllqd Tltqd2 Tvapr Psat Tsump

20.49 21.S1 2.33 2.ZS 2.16 -1.74 -12.2

Thetab Htube Odo Athetab Ahtube AuQdo

19.254 3.396E+03 6.034E+64 19.283 5.096E+02 9.826E+03

Data Set Number - 30 Bulk Oil % - 0.6

TIME: 17:41:122-
TC No: I 2 3 4 5 6 7 8

Temp : 20.23 20.31 20.38 19.22 -99.99 24.S1 21.17 20.00
TC No: 9 10 II 1Z 13 14 IS 16

Temp : 16.86 27.77 21.9S 26.55 10.14 27.85 18.S@ 23.16

Two ATwa Tliqd Tliqd2 Tvapr Psat Tsumo

20.48 21.53 2.30 2.27 2.13 -1.76 -12.2
Thetab Htube Udp Athetab Ahtube AuOdP

18.27S 3.31@E+03 6.049E+04 19.323 S.109E+02 9.8S4E+03

NOTE: 29 data runs ware stored in file DAT@406142

Date : 6 Apr 1992

NOTE: Program name : ORP72

Disk number * 00

New file name: OAT0406O42
TC is defective st location S

No defective AUX TCs exist

Tube NumOer: 4

Data Set Number - I Bulk OiI l 0.0
TIME: 17:48:16
TC No: 1 2 3 4 S 6 7 8

Temo : 19.64 19.S5 19.85 18.76 -99.99 Z2.85 20.54 19.54

TC No: 9 10 II 11 13 14 IS 16

remo : !6.80 27.70 21.39 :6.48 10.07 27.79 18.44 23.1Z
Twa ATra Tliad Tlid2 rvaor Plat Taump

19.89 21.47 2.31 2.23 2.11 -1.78 -11.7
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Thetab Htube Oda Athatab Ahtube Au~da
17.700 2.481E+03 4.392E+04 19.279 S.116E+02 9.S56E+03

Data Set Number - 2 Bulk Oil % - 0.0
TIME: 17:49:07
rC No: I 2 3 4 5 6 7 6
Temp : 19.64 19.88 19.88 18.78 -99.99 22.85 206s2 19.56
TC No: 9 IS II IZ 13 14 is Is
Tamp : 16.79 27.66 21.87 26.45 10.11 27.75 18.42 23.07

Twa ATwa Tliqd TliQd2 Tvatr Psat Tsuma
19.90 21.45 2.3Z 2.29 2.14 -1.75 -11.7
Thetab Htube Oda Athetab Ahtube AuQdP
17.685 2.476E6+03 4.379E+04 19.231 5.112E+02 9.8306E+03

Data Set Number - 3 Bulk Oil % - 0.0
TIME: 17:54:28
TC No: I 2 3 4 s 6 7 8
Tamp : 18.55 19.04 18.96 18.19 -99.99 19.76 18.77 18.87
TC No: 9 1@ II 12 13 14 is 16
Temp : 16.70 27.60 21.79 26.38 9.99 27.68 18.33 23.09

Twa ATwa Tltqd Tliqd2 Tvaor Psat Tsump
19.70 21.38 2.23 2.19 2.09 -1.8,2 -11.5
Thetab Htube Oda Athetab Ahtube AuOdo
16.552 1.755E6+3 2.995E+04 19.226 5.121E+62 9.845E+03

Date Set Number - 4 Bulk Oil % - 6.6
TIME: 17:5S:10
TC No: 1 2 3 4 5 6 7 8
Tamp : 18.61 19.6S 18.96 18.17 -99.99 19.76 18.85 18.89
TC No: 9 to It 12 13 %4 Is Is
Tamp : 16.71 27.63 21.80 26.41 9.99 27.71 18.35 23.12

Twa ATwa Tltqd Tliqd2 Tvapr Psat TsunO
18.73 21.40 2.26 2.20 2.12 -1.79 -11.5
Thetab Htube Oda Athetab Ahtube AuOdd
16.551 1.756E+03 2.906E+04 19.222 5.122E602 9.84SE÷03

Data Set Number - S Bulk 0Ol Z - 0.0
TIME: 19:01:43
TC No: 1 2 3 4 5 6 7 8
Tema : 17.47 18.37 18.36 17.72 -99.99 17.94 17.61 18.3S-
TC No: s Is 11 12 13 14 -1s 16
Tamp : t6.70 27.60 21.78 26.39 9.96 27.67 19.32 23.67

Twe ATwa Tllqd Tliqd2 Tvapr Psat TSuRm
17.8' 21.37 2.Z3 Z.18 2.09 -1.83 -11.4
Thetab Htube Oda Athetab Ahtube AuQdp
15.679 I.SSSE+03 Z.'39E+04 19.22S S.140E+02 9.88ZE+03

Data Set Number .- 6 Bulk Oil % - 0.0
TIME: 18:02:29
TC No: I 2 3 4 5 S 7 8
Tema : 17.49 18.30 18.25 17.75 -99.99 17.96 17.6: 18.:3
TC No: 9 10 I 12 13 14 is is
Tema : 16.7S 27.71 Z1.86 26.50 9.99 27.79 18.39 23.18

Twa ATwa Tliqd TliqdZ Tvaar Peat Tsuto
17.80 21.45 :.:s 2.22 2.10 -1.80 -11.4
Thetab Htube Odo Athetab Ahtube AuOdo
15.627 I.S62E03 :.442E'04 19-29S S.1S3E-02 5.9368E03

Oata Set Number - 7 BuLk Oil . 0.,.
TIME: ¶9:07:14
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TC No: I 3 4 5 6 7 8
Temp : 1S.Z9 16.40 16.31 IS.94 -99.99 15.69 15.53 16.3s
TC No: 9 10 II 12 13 14 is 16
Team . 16.74 27.7Z Z1.84 :6.s0 9.89 27.80 18.38 23.19

Twa ATwa Tliqd TILQdZ Tvacr Psat Tsumo
S.9Z :1.44 .2-2 2.13 Z.14 -1.81 -11.4

Thetab Htube Oda Athetab Ahtube Au~do
13.656 1.402E+03 l.91SE+04 18.Z81 S.153E+02 9.937E+03

Data Set Number - 8 Bulk Oil % ( 6.0
TIME: 18:07:50
TC No: I 2 3 4 s 6 7 8
Tamp : 15.33 16.S1 16.43 IS.99 -99.99 15.59 15.55 16.40
TC No: 9 10 II 12 13 14 IS is
Temp : IS.75 27.73 21.97 26.50 9.94 27.81 18.39 23.20

Two ATwa TUxQd Tliqd2 Tvapr Psat Tsump
IS.85 21.46 2.23 2.16 2.14 -1.80 -11.4
Thetab Htube Odp Athetab Ahtube AuQdp
13.690 1.397E+03 1.912E+04 19.290 S.138E+02 9.912E+03

Data Set Number - 9 Bulk Oil % - 0.0

TIME: 18:12:30
TC No: I 2 3 4 5 6 7 8
Tea : 12.46 13.42 13.33 13.03 -99.99 12.4S 12.33 13.24
TC No: 9 1I 11 12 13 14 1s 16
Team : 17.23 28.7i 22.91 27.44 10.37 28.81 18.97 24.06

Twa ATwa Tliqd TIlQd2 Tvaop Psat Tsumo
12.8 22-.24 2.28 2.23 2.22 -1.73 -11.4
Thetab Htube Oda Athatab Ahtube AuQdp
16.564 1.337E+03 1.412E+04 20.002 S.198E+02 1.040E+04

Date Set Number - 10 Bulk 0il % - 0.0
TIME: 18:13:4S
TC No: I 2 3 i S 6 7 8
Tema : 12.22 13.34 13.:5 12.95 -99.99 12.41 12.41 13.25
TC No: 9 10 11 12 13 14 IS Is
Tema : 16.92 27.94 Z.2S 26.62 10.12 27.93 18.48 23.31

Twa ATwa Tliqd Tltqd2 TvaDpr Psat Tsumv
12.75 21.60 2.27 1.18 2.26 -1.75 -11.4

Thetab Htube Oda Athetab Ahtube AuQdo
16.536 1.340E+03 1.412E+04 19.392 5.143E+02 9.973E+03

Data Set Number - II Bulk Oil % w 0.0
TIME: 18:14:39
TC No: I 2 3 4 S 6 7 8
Temp : 12.33 13.31 13.25 12.95 -99.99 12.39 12.35 13.Z4
TC No: 9 10 II 12 13 14 is 15
Tema : 16.87 27.94 22.33 26.7Z 10.10 28.01 18.53 23.57

Twa ATwa TILqd Tltqd2 Tvaor Psat Tsumo

1Z.79 Z1.67 2.23 2.20 2.19 -1.7r -11.4
Thetab Htube Oda Athetab Ahtube AuOdo
10.S47 1.340E+03 1.413E+04 19.469 S.161E+02 1.30SE+04

Oata Set Number - 12 Bulk OI % - 0.0
TIME: 18:IS:27
TC No: 1 2 3 4 5 6 7 8
ramp : I:.zB 13.3s- 13.-2 13.00 -99.99 1 :.49 2.49 13.19

iT NO: 9 0 It 12- 1 14 IS is

rmo : 16.63 '7.45 ".3: . 3.39 27.S0 18.16 22.96
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12.79 21.27 2.29 2.24 2.23 -1.72 -11.4

Thetab Htube Odo Athetab Ahtube Au0dp
IO.S45 1.334E+03 1.406E+04 19.029 S.060E+62 9.628E*03

Data Set Number - 13 Bulk Oil% - 0.0
TIME: 18:20:06
TC No: I 2 3 4 5 6 7 8
Temp 9.58 10.38 10.34 10.11 -99.99 9.65 9.6S 10.23

TC No: 9 16 II 12 13 14 is i6

Temp : 16.SI 27.11 21.76 26.94 9.92 27.19 18.@5 22.71
Twa ATwa TliQd Tliqd2 Tvapr Psat Tsump

9.93 2z.e0 2.21 2.19 2.21 -1.75 -i1.5
Thetab Htube Oda Athetab Ahtube AuOdp

7.718 1.297E+03 1.001E+04 18.962 5.096E+÷2 9.6016E+03

Data Set Number - 14 Sulk Oil 2 - 0.0
TIME: 18:26:40
TC No. I 2 3 4 S 6 7 8
Temp : 9.64 16.30 10.21 9.96 -99.99 9.60 9.S7 10.20
TC No: 9 1i II 12 13 14 is Is

Tamo : 16.49 27.08 21.68 25.90 9.91 27.16 18.04 22.69
Twa ATwa TliQd Tliqd2 Tvapr Psat Tsump

9.87 21.06 2.22 2.17 2.16 -1.79 -11.6
Thetab Htube Qdp Athetab Ahtube AuQdp
7.686 1.303E+03 1.001E+04 19.974 S.074E+02 9.S77E6+3

Oata Set Number - IS Sulk Oil Z - 6.6

TIME: 19:25:06
TC No: 1 6 3 4 5 6 7 8
Temp : 6.66 6.30 6.S 6.16 -99.99 6.00 -5.99 6.27
TC No: 9 IS II 12 13 14 IS 16

Temp : 16.55 27.13 21.72 26.96 9.99 27.21 18.11 22.7S
Twa ATwa TlILqd Tlxqd2 Tvapr Psat Tsumo
6.12 21.11 Z.24 Z.:9 2.23 -1.74 -11.6

Thetab Htube UdP Athatab Ahtube AuOdp
3.893 1.267E+03 4.931E+03 18.889 5.06!E+92 9.S6IE+03

Data Sgt Number - 16 Sulk 0.1 % - 0.0
TIME: 18:2S:41
TC No: I 2 3 4 6 6 7 9

Temo : 6.02 6.37 6.33 6.22 -99.99 6.99 6.99 6.32
TC No: 9 I1 I1 12 13 14 is 16

Temp : 16.68 27.16 21.75 25.99 10.01 27.24 18.15 22.77
Twa ATwa Tliqd TliqdZ Tvagr Psat Tsumo

6.16 21.14 2.29 2.23 2.27 -1.69 -11.6

Thetab Htube Odc Athetab Ahtube muOdo

3.881 1.271E6+03 4.933E+03 18.876 6.069E+62 9.S67E+O3

Data Set Number - 17 Bulk Oil % - 0.0
TIME: 19:30:07

TC No: I 2 3 4 5 6 7 a

Temp : 4.46 4.SS 4.63 4.56 -99.99 4.42 4.43 4.64
TC No: 9 16 I1 12 13 14 IS Is

Temo : 16.7S 27.66 22.00 26.31 10.14 27.59 18.34 23.0S
Twa ATwa Tlipd TLipdZ Tvaor Psat Tsumo
4.63 21.z9 2.30 2._4 2.27 -1.69 -11.7

Thetab Htube Odo ýthetab Ahtube AuOdo

2.255 '.ZSGE*03 2A.S3E+03 19.1Z1 S.'J9@E+O 9.73ZE,03

Data Set Number - 19 Bulk Oil 0.0
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TIME: 18:30:s2
TC No: i 3 4 5 6 7 8
Tema : 4.49 4.65 4.64 4.58 -99.99 4.44 4.44 4.64
TC No: 9 18 It 12 13 14 IS 16
Temp : 16.7S 27.48 21.98 26.30 10.11 27.S7 18.33 23.6S

Twa ATwe Tliqd Tliqd2 Tvaor Psat Tsumo
4.54 21.38 2.30 2.24 2.28 -1.68 -11.7

Thetab Htube Odp Athetab Ahtube Au~dp
2.262 1.259E+03 :.847E+03 19.104 S.867E+82 9.681E+03

Data Set Number - 19 Bulk 0il % - 0.8
TIME: 18:3S:oo
TC No: I 2 3 4 5 6 7 8
Temp : 3.39 3.46 3.46 3.42 -99.99 3.33 3.34 3.46
TC No: 9 to it 12 13 14 IS is
Tamp : 16.68 27.38 21.91 26.19 18.12 27.45 18.27 22.93

Twe ATwa Tltqd TliqdZ Tvapr Psat Tsump
3.48 21.38 2.29 2.28 2.22 -1.74 -11.8

Thetab Htube Odp Athetab Ahtube AuOdp
1.176 1.3@6E+83 1.536E+83 19.679 5.868E+82 9.6S4E+83

Data Set Number w 28 Sulk Oil Z - 0.0
TIME: 18:3S:42
TC No: 1 2 3 4 5 6 7 a
Temp : 3.42 3.48 3.49 3.46 -99-.9 3.37 3.38 3.08
TC No: 9 1@ 11 12 13 14 15 16
Temp : 16.78 27.38 21.91 26.19 1@.89 27.46 19.27 22.9S

Tua ATwa TI~qd TlIQd2 Tvaor Psat Tsumv
3.43 21.38 2.30 2.23 2.27 -1.69 -11.9

Thetab Htube Odp Athetab Ahtube AuOdd
1.165 1.319E-03 1.S37S+.3 19.034 S.083E+82 9.676E083

Data Set Number - 21 Bulk Oil % - 0.8
TIME: 18:40::5
TC No: I 2 3 4 S 6 7 8
Temp : 2.68 2.69 2.69 2.67 -99.99 2.64 2.65 2.71
TC No: 9 18 II 12 13 14 IS 16
Temp : 16.66 27.29 21.83 26.10 18.16 27.37 18.2: 22.88

Twa ATwe Tliqd TlIQd2 Tvepr Psat Tsump
2.67 21.25 2.23 2.21 2.23 -1.73 -11.9

Thetab Htube Qda Athetab Ahtube Au~dv
.444 1.404E+03 6.232E+62 19.828 S.844E202 9.S93E+83

Data Set Number - 22 Bulk Oil % - 8.0
TIME: 18:41:07
TC No: I 2 3 4 5 6 7 8
Temp : 2.71 2.71 2.73 2.78 -99.99 2.67 2.67 2.73
TC No: 9 18 I1 12 13 14 Is 16
Temp : 16.67 27.30 21.84 26.11 18.87 27.39 18.2: 22.90

Twa ATwe Thied Tliqd2 Tvepr Pseat Tiump
2.70 21.2 2.29 2._Z 2.26 -1.78 -11.9

Thetab Htube Odo Athetao Ahtube Au~do
.439 1.41SE+03 6.-16E+82 18.985 9.831E+02 9.551E803

NOTE: 22 data runs were stored Ln File 0AT0406042
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APPENDIX D. PROGRAM SETUP72

Program SETUP72 is listed on the following pages. The program enables the user

to:

1. Monitor coolant sump temperature.

2. Monitor liquid pool average temperature.

3. Monitor aUl thermocouple channel output temperatures.

4. Monitor voltage, current, and resulting power supplied to the upper tube heater
(main heater) as well as the resistance of the heater.

5. Monitor the voltage, current, and resulting power supplied to the lower tube heater
(auxiliary heater) as well as the resistance of the heater.

Program SETUP72 is written in Hewlett-Packard Basic 5.0 for the HP 9300 series

computer.
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PROGRAM: SETUP
Z DATE: AUGUST 3,1991
4 ' PROGRAMMER: LT DEAN :UGIYAMA

S I MODIFIED eY LANNIE LAKE JAN ::, 199
!0 COM !Cc/ Ct7)
:0 DATA 0.16095091 ,2ST:7.9£:59 ,-T6T34s.9:Gs,790:ES9S.9I,-9247496599,s.s7sgs.£

!t.-•.66192E+13

21 DATA 3.34079EG!4
:: READ CC*'

23 ON KEY I.IS GOTO :7
2i PRINTER IS !
17 PRINT

ze PRINT
30 PRINT USING "4X,"SELECT OPTION�
31 PRINT USING "SX,'*-MONITOR SUMP'""
32 PRINT USING "SX,"'I-MONITOR LIQUIOD."
33 PRINT USING "6X,'2-CHECK THERMOCOUPLES�
34 -PRINT USING "SX,--3-CHECK MAIN HEATER'..
36 PRINT USING "SX,--4-CHECK AUX HEATERS..
36 PRINT USING "SX.,-S-EXIT PROGRAM-
37 PRINT USING "4X,-'NOTE: KEY I - ESCAPE"
39 BEEP
40 INPUT Ida
41 IF IdoaS THEN Ide-S
42 IF Ida-@ THEN SO
£3 IF Ide-I THEN 156
44 IF Ide-Z THEN 1.73
45 IF Ido-3 THEN 195
46 IF Ido-4 THEN 1SS
47 IF Ide-S THEN 231
49 PRINT
491
so PRINT
SI PRINT 'SUMP TEMPERATURE DEG C "
S3 PRINT
S4 OUTPUT 769;'AR AFIS AL19 JRS"
so OUTPUT 7@9g'AS SA'
72 Sun-@
g9 FOR J-I TO S
96 ENTER 799;E
fee Sun=Sum+E
1!0 NEXT J
i20 Eave-Sum/S
I.. Te9-iFNTvsv(Eave)

140 PRINT USING "4X,MOO.DOD:Temp
!41 BEEP

!42 PRINT
!So WAIT S
ISI GOTO SO

!SS PRINT

'SS PRINT "LIOUID TEMPERATURE OEG C"
!S9 PR!NT
'Is OUTPUT 79Sr'AR AFIG AL!- 'RS"
'so Suw-0
'Is ýOR 1-1 TO 2
Is: OUTPUT "•A:"*S •'
52 ENTEP -09:E
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167 Tamc-FNTvs-:'Ea,'de
!SS PRINT USING "4X mloO.co, rem
!Gg SEEP
1 70~ WAIT S
17! SOTO !SS
17Z'
1 7t PRINT
t 7S PRINT "CHANNEL TEMPERATURE OES C*
!7 ,? OUTPUT '7es."AR AFOO AL19 VRS'
179 FOR !-I TO 1.
'79Y OUTPUT 789: "AS SA`
tee SU-48
191 FOR 1-1 Ta S

!92 ENTER 709;E
193 Sum-Sum+E
194 NEXT i
195 ESve-Sun.'
I96 Terp-FNTvsv( Eava)
197 PRINT TAS (3 ): I ;TA8(I S)Tefn
198 NEXT I
199 SEEP
!99 WAIT S.
191 SOTO 173
194!
19S PRINT
196 OUTPUT 769:;AR AFZ9 AL22 VRS"
197 FOR I-1 TO 3
199 OUTPUT 769:AS SA"
199 SurnS9
200 FOR J-1 TO S
"20! ENTER 799:E
202: Sum-Sum+E
.3 NEXT 1
294 IF 1-1 THEN Volt-Sum/S
205 IF 1-2 AND !do-3 THEN
209 PRINT *RAKE SURE VOLTAGE SOX IS SET TO MAIN HEATERS*
2.13 AngSum!S
211 END IF
"612 IF 1-3 AND Idc-4 THEN

215 PRINT "MAKE SURE VOLTAGE BOX IS SET TO AUX HEATERS*
'4t7 Ama-Sum!S
:19 END IF
219 NEXT I

:22 Power-Vl'ot "Ama

::I PRINT
Z'S BEEP
: -S. PRINT "VOLTAGE'..' CUPRENT'A? RESISTENCE(ohms) PO'4EP(W)'
::7 PRINT
::S PRINT US ING '! YS 'MOO.00, 4M Vo I t A-vpResis tenc e. Power
::9 WAIT S
:31 SOTO 195

I2 SEEP
:3: PP0 IN
Z-3 PPIIT -THATSc -LL rLS

EN sO
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27 T-C 0~
:39 FOP 1-! TO 7
239 T-T+C(l) !V** I
24e NEXT 1

242 RETURN T
250A FNEND



APPENDIX E. PROGRAM DRP72

The data acquisition and reduction program DRP72 is listed on the following pages.

Program DRP72 is written in Hewlett-Packard Basic 5.0 for the HP 9300 series com-

puter.
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2 CATE: MARCHLI S !C99

W RE'V'ISED VERSION OF OPP71 FoR Tuo rUBE CAT,

40 , REVISED BY L e Late
so COM A'da. Ida
so PRINTER IS I
79 CALL Select
90 INPUT "WANT TO SELECT ANOTHER OPTION (l-Y.0-M)?' .Isel
9s IF IsealI THEN SOTO 70
100 SEEP
!10 SEEP

WO PRINTER IS
10 PRINT "DATA COLLECTION/REPROCESSING COMPLETED
!40 END
ISO SUB Main
ISO COM /.da/ Ido

170 COM /Cc! C(7).IcaL
190 C01M /WII.' O2,OiDoL.LuKcu

190 DIM Emf(29),T Z). 1a( 13?,02a(13),Oia(13?.Ooa(!0)La(13),Lua(f3?,Kcua( 13),
Et(!9).TnS(4WEIS]
290 DATA 0.1009600I,57T7.943SO.-7S734S.9205,790269s.g,
220 DATA -924749SS99.S.97S99E+1I.-2.S.192E÷13,3.9407gEI4

220 READ CC.)
238 0 DATA 'Smooth','Hiqh Flux" .Thermoexel-E",'ThermoexeL-HE"
240 DATA Smooth.Htgh Flux.Turbo-8,Htgh Flux ModTurbo-9 Mod
ZSO READ Tng( *

2S0 PRINTER IS 701
270 SEEP
290 IF Ido-4 THEN PRINTER IS I
nee IF Idp-4 THEN GOTO 3030
00 INPUT *ENTER MONTH. OATE AND TIME (MM:OO:HH:MM:SS)",Oate$

310 1 OUTPUT 700;TO";OateS
32 1OUTPUT 70•;"TD"
330 ENTER 7990:ateS
340 PRINT
350 I PRINT Month, Date and Time :;Dates
390 PRINT Date :'.DATES(TIMEDATE)
370 PRINT
390 PRINT USING "IOX,-NOTE: Program name : ORP72-'"
390 BEEP
400 INPUT 'ENTER DISK NUMBER",Dn
110 PRINT USING "I9SX."-Dsk number - "*,ZZ"On
123 SEEP
430 INPUT "ENTER INPUT QOOE (O-30S4A.1-FILE)",IM
140 BEEP
4S3 INPUT "I OR 2 TUBE OPERATION fENTER I CR :'" ,Hwmntu
460 SEEP

Ing INPUT "SELECT HEATING MODE (O-ELEC; !-WATER)",Ihm
490 SEEP

490 INPUT "ENTER THERMOCOUPLE TYPE (=NE'4,=OL3)".IcaI
S0O IF Im-0 THEN
510 BEEP
S:W INPUT "GIVE A NAME =OR THE RAW DATA !1LE,OZQleS
S:O PRINT USING ''SX,'"New fiLe name: *.. 4A":OZ-"tes

SSO CREATE qoAr 2cL4S:
SGO ASSIGN lF:Le2 rO oZ_,,I.3

170 ,
M...'JMMY =LE UNTIL 'Ir'?n 'NOWN
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SOO CREATE SOAT D '~~
S10 ASSIGN !Filal TO O1_FdeS
920 OUTPUT tF•ie!;Dateg
53 IF Ihm-0 THEN

540 BEEP
S55 INPUT "ENTER NUMBER OF DEFECTIVE TC$ O-OOEFAULT1 Idtc
6S0 IF Idtca9 THEN
S70 LdtcI-0
6S9 Ldtc2-0
590 PRINT USING "ISX,-No defective TCs xiist ..
700 END IF
710 IF Idtc-l THEN
729 BEEP
730 INPUT 'ENTER DEFECTIVE TC LOCATION (1-9)",Ldtcl
740 PRINT USING *I6X,"TC is defective at location -,O";Ldtcl
7150 LdtclO
760 END IF
770 IF Idtc.2 THEN
790 SEEP
790 INPUT -ENTER DEFECTIVE TC LOCATIONS (i-B)'.LdtclLdto2
900 PRINT USING 'ISX,'TC are defective at locations "*.OO,4X.ODiLdtc1.Ldtc2
910 END IF
929 IF Idtc>Z THEN
930 BEEP
946 PRINTER IS I
950 SEEP
960 PRINT *INUALIO ENTRY"
970 PRINTER IS 701
990 GOTO 640
990 ENO IF
900 ENO IF
910 OUTPUT @FLIel;Ldtcl.LdtcZ
920 IF Hwmntu-I THEN SOTO !IG0
930 INPUT 'ENTER NUMBER OF DEFECTIVE AUX TCS (0OEFAULT)i,ALdtc
940 IF Aidtc-0 THEN
950 Aldtcl-0
960 ALdtcZ*-
970 PRINT USING "ISX.-"No defective AUX TCs exist-
990 END IF
990 IF Aidtc-l THEN
100 BEEP
1010 INPUT "ENTER DEFECTIVE TC LOCATION (9-16)".Aidtcl
1020 PRINT USING '1GX,*TC is defective at location *'.00=;Aidtc!
1030 ALdtc"-g
!040 ENO IF
1050 IF Aidtc-2 THEN

.1060 SEEP
1970 INPUT "ENTER DEFECTIVE TC LOCATIONS 9-!6 ?",A ldtcI , Ldtc
1090 PRINT USING 16X.,*TC are defective at locations ",0O,4X,OO";ALdtcl *Adtc

1090 END IF
!100 IF Aidt:;2 THEN
1!10 BEEP
!!'0 PRINTER IS I
I'30 SEEP
1110 PRINT 'INVALIO ENTRY"
''q0 FP[FTEP [S "DI

G'9 OTO =do
''50'3 T0 EdO
11-0 END t4
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HS0 OUTPUT ýF a -ltz ':tz

1:130 9559

! ::3 INPUT 'GlU.E THE NAM~E OF THE EXISTING DATA FL~,~~e
!ZýZ PRINT USING S , O ile na~me'

!:10 AS3-IGN TFle: TO~ 02ielS
!:S0 ENTER tFLIeC:Nrun
150'c ENTER 6Fide~OoLd3
!;?0 PRINT UISING *IGX7*ThLs data set taken on lA:od
1190 ENTER 0File2;Ldtc!,Ldtc.,Aitdcl,Altdc2
1290 IF Ldtcl>0 OR Ldtc2:0 THEN
I30 PRN SNG *l6X,'"Thermccouples were defecttve at Locations:*%Z(3O.4X)'-

1312 ENO IF
113:0 IF Hwtqntu-l THEN SOTO 1360
1330 IF Aldtc!',9 OR Aldtc2:0'THEN
!740 PRINT USING 15SX,'"AUX Thermocouples were defective at locah~ons:- *(30,4
XY";Aldtc) ,Aldtc:!
1350 END IF
'3603 ENTER OfileZ;Itt
1370 END IF
1390 Idtc-0
1390 IF Ldtcl)6 THEN rdtc-Idtc+l
1400 IF LdtcZ'0 THEN ldtcoIdtc+l
1419 IF Hwontu-l THEN SOTO 1440
1410 IF Aldtcl~'0 THEN Aidtc-Atdtc+I
14;1 IF Aldtc2Z>@ THEN Aidtc-Aidtc~l
14401 IF In-@ AND IhnaI THEN 1S99
IASI SEEP
1460 INPUT 'WANT TO CREATE A PLOT FfLE7 (0-NI-Y? .1010t
1470 IF 1plat-I THEN
1490 BEEP
1490 INPUT "GIVE NAME FOR PLOT FILE ,P-ILeS

!900 CREATE BOAT P-fLgI.4
S191 ASSIGN SPiot TO P fI'leS
I152 END IF
1530 IF Ehm-l THEN
1549 SEEP
I550 INPUT *WANT TO CREATE Uo FILE? (0-N.I-Y)*.Iuf
1460 IF Iuf-I THEN
1570 SEEP
ISSO INPUT 'ENTER Uo FILE NAME"MUiles
1520 CREATE SOAT Ut LIeS *4
1500 ASSIGN M~ile TO Ufi1Le
1510 ENO IF
IS513 SEEP
ISM2 INPUT 'WANT TO CREATE Re FILE7 (0-N,1.Y) .Ire
!540 IF Ir-1- THEN

1550 BEEP
5660 INPUT "ENTER Re FILE NAMEPeftlel

16'70 CREATE BOAT ReFLISS,I0
!90e ASSIGN lRef tle TO Rsfilela
I590 END IF

_130 END IF
1?!0 OIrNTER IS
117: IF Im-0 THEN

75SEEP
i5 ~ ~ .PIT'SI*I.3eict tub~e number"-

"SO0 IF !-0THEN

85



I7S? PRINT USING 'SY Thmooth 4 •nch Ref"..
'770 PRINT USING SXm1 Snooth 4 inch Cu (Prsss.'S!id&.'.
!730 PRINT USING "5." Soft Solder 4 inch Cu.

!790 PRINT USING "5T 3 Soft 3older 4 inch HIGH FLUX(-"

!900 PRINT USING SX '" Wieland Hard 9 -nob..
19!0 PRINT USING -X "S HIGH FLUX 9 inch"..

!920 PRINT USING GX.-6 GEWA-K 40 Fins/in ..
!930 PRINT USING *SX "*7 GEWA-K 25 Fins/tn"

1940 PRINT USING "SX.-S SEUA-T 19 FLns/tn-
!S9O PRINT USING "SX "*9 GEUA-T OR SEWA-TY 26 Fins/tn"

1966 PRINT USING "SX."10 THERMOEXCEL-E"
1979 PRINT USING "6X,-!1 THERMOEXCEL-HE"
1930 PRINT USING °6X, 12 TURBO-P8 '

1990 PRINT USING "SX,"13 SEWA-K 19 Fins/in**"
1900 ELSE
1910 PRINT USING "6X."O Smooth tube-

1920 PRINT USING 6X,"I Htih Flux-

1930 PRINT USING 'SX.** Turbo-B"

7940 PRINT USING "6X,'*3 High Flux Mod-

19SO PRINT USING "6X,-4 Turbo-U Mod-

1960 ENO IF
1970 INPUT Itt

1996 OUTPUT @Filel:Itt

l9oe END IF
2060 PRINTER IS 781

2019 IF Itt<l6 THEN PRINT USING "IGX.Tube Number: *"DD:Itt

2920 IF Itt>9 THEN PRINT USING "I6X,"Tube Number: -.",00:Itt
2'36 IF Ihm-I THEN PRINT USING "ISX."Tube Type: '*,ISA*;TnS(Itt)
2l4e BEEP
2SO6 INPUT "ENTER OUTPUT VERSION (6-LON6.f-SHORT,.-2NONE',Iaov

"206e BEEP

:907 INPUT 'SELECT (0-LIQT-UAP.2-(LIQ+UAP•/2!-,II~v

:09•3

20996 DIMENSIONS FO TESTED TUBES

21091 ELECTRIC HEATED MODE

21101 l=-Otameter at thermocou!!e Oositions

2126 DATA .0I!Il2S..IlI2S,.0lI2S,.0!2S646..012446..6I?9540,.010096S

2136 DATA .106,6I7.15.617.1S,017.166
2140 READ Dia(s)
2150 0D-Ola(Itt)

21601
21701 02-ODameter of test section to the base of Fins
2790 DATA .195.19S.1B5.194.19S.124.I7
2190 DATA .0127..139,.91 69,.0139..013B. ,0127

Z200 READ 021a()
2270'

=201 0±-Inside Ji.smeter of unenhanced ends
=320 DATA .17.17.17.1.02,03,0115.112
::40 DATA .19.l9.19.19.19.112
2250 READ Oka(*)

22509
::2701 0Outside diameter of unenhanced ends

2:90 CATA.?.

2:l 0 DATA .12 .12 .13 .13 .1ao:
:J001 READ Ooa( *

:313,
-�-LrLqth 3f enhanced iurface

-:30 CATA

2341 Oc.an1-/-
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-Sol
.-.SI Lu-Length of jrený!r~ced sur!3ce 3t the ends
2370 DATA GS4 .32SA, KS4 _0254 ,VS-2.e7G:!.37..7SZ?.07S2 VS1752..0762,.0

2390 READ Lua(

21001 Kcu-Therm'al Conductivity of tube
Z410 DATA 399,344,3.14,45,3-44,45,3A44344,399,399,399,399*399,3-44

:4:0 READ Vcua( *
'4IZ !F thmal THEN

'ý4SQI Oat& statements for water heating made

:470 DATA 13.3 1 975 ,.S953.1,0139 .0.0169 .0,3a0,0 o
:49e READ 0~a *

:490 DATA .17.0: .04..17.04000,0
:506 READ Dta(*)
2516G DATA 2.2 1 877,Q.e IS87S 3.13169 43.0 1 S975,0 6,,,.0
2,S20 READ Do&( *
ZSZ9 DATA 634,.69034,.69034,,,,,
2S40 READ Ls(*)
2556 DATA 669,.2460S,.24665.,.,.
2566 READ Lua( *?
2S72 DATA39.5394.9,600.
2596 READ Kcua(*)
.S99 END IF
2ai6 O2-2'O3( tt)
2610 Oi-Ota(Itt?
26:0 Oo..Ooa(Itt'
:636 L-La(Itt)
'S40 Lu-Lua( Itt)
:SCO Rcu-Kcua( Ittl
Me5 Xn'.9
2970 Fr-.3
2S86 IF Itt-0 THEN CF-I .70eS9
2963 IF Itt>61 THENH CV-3.7037SE19
26700 A-P1.(Oo^Z-Oi'2)!4
2710 P.PI*00
2720' !F Ihm-l THEN
2739 SEEP
Z2746 INPUT "TUBE INITIATION MODE. (I-HOT WATER,Z-STEA14.3-COLO WATER)'.Itim
27S0 IF Itim-1 THEN PRINT USING *l6X.**Tube Initiate: Hot Water�
2760 IF Itim-2 THEN PRINT USING *1SX,-Tube Initiate: Steam""
:770 IF Itim-3 THEN PRINT USING *16X,-Tube Initiate: Cold Water�
2796 INPUT -TEMP/'JL MODE: (0-T-CONST.V-DEC;l-T-DEC.V-CONST; 2-T-INC,V-CONST)",

:790 1F Itv-e THEN PRINT USING *lEX7'Temp/Ve1 Mode: Constant/Decreagtng"'*
2900 IF ItvI1 THEN PRINT USING '1GX,*Temo1VeI Mode: Decrtasing/Constant'-
:910 IF Itv*2 THEN PRINT USING *lSX,-Temo.!VeI Made: Increasima/Constant-
:9:0 INPUT 'WANT TO RUN WILSON PLOT? (-,=~,~
29!0 IF Ihm-1 AND IwLI10 THEN
'2946 IF Itt-0 THEN -. 2
Z950 IF itt-1 OR !tt-3 THEN Ci-.3S9
:950 IF itt-2 OR !tt-4 THE~I C.-.06Z
290 BEER
21393 INPlT "ENTER CI 'JEF: 'aH-.032,F-.0S39T9-.os:), ,c.
:990 PRINT USING 7'Ex, -Sieder-Tate
29e0 PRINT USING 15X Con-itant - ,.DC
29103 END IF
:929 END IF
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:9-:O IF !!im-! AND En-! PNO !wil- THEN
:940 IF !tt-0 7HEN Ct-.13=
-9S !Fm It-1 . ORit3 HNCL.

:960 IF ltt-Z OR rtt-4 THEM C:-.062
:972 ASSIGN tFile: TO 1

:990 CALL U-.lscn(Cf,Ci)
:990 ASSIGN IFL~e: TO 0221!t3

3666 ENTER 9F~IeZ-7Nrun,Ooid$,LdtcI *LdtcZI~t
3610 ENO IF
3v6:9 Nsub-0
3636 IF Idc-4 THEN Ihm-1
3646 IF Ihm-l THEN Nsub-9
3060 Ntc-6
3660 IF ihm-9 THEN Ntc-:3
`070 J-1

,090 Sy
3106 SxsOe
3116 Sxy-Q
31:69 peoest! 1
3136 IF'Im-0 THEN
3140 Otld-2.22
3190 Idcw2
3160 ON KEY I .15 RECOVJER 31:03
3176 PRINTER IS 1

3196 PRINT USING *4X,*SELECT OPTION-
3191 PRINT USING GSX.~-OTAKE DATA-
3266 IF Ihm-9 THEN PRINT USING 'SX,"*1-SET HEAT FLUX-

3216 IF IhmaI THEN PRINT USING *SX.-ImSET WATER FLOW RATE-
31226 PRINT USING *SX,*2.SET Tsat ..
342ZO PRINT USING 'SX,*"3-SET A.UX MEAT FLUX-
3240 PRINT USING *AX,**OTS: KEY I - ESCAPE-
3256S BEEP
3250O INPUT !do

31276 IF ldo>3 THEN Ido-3
32-96 IF Ida-0 THEN 5296

33661 LOOP TO SET HEAT FLUX OR FLOWMETSR SETTING

-3316 IF Ide-I THEN
33:6 IF Ihin-9 THEN
3336 OUTPUT 'l699rAR AF20 AL21 VP.S"
3346 SEEP
33S6 INPUT 'ENTER DESIRED Odp .Oedc
3360 PRINT USING '4X.-CESIRED Oda ACTUAL Oda'""
3376 Err-I0669
3396 FOR 1-1 TO 2

3390 OUTPUT 799:'AS SA"
3606 Sum-9
3ý410 F:OR !L-I TO S
Z4:0 ENTER 709:E
34Z3 5uSum-u+E

3440 NEXT it
.;4S0 IF 1-1 THEN Volt-Sum.!S
Z450 IF !-7 THEN A"c-S~C-
34793 NEXT I
3690 AmcoA9S(A"a4I.3!9:
3490 Va tABS(')ol *-c

:So And9S! Amoa.J,~o ~ Tj
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3540 SEEP 4000,.2
35O BEEP 4100,.2
3S50 ELSE
3570 SEEP -SO,.Z
3S90 SEEP :so,.
3S99 SEEP zsO,..
3600 END IF
'S10 PRINT USING "AXMZ.30E.,2,MZ.3OE":OadoAadp
3620 WAIT 2
3S39 SOTO 3390
1640 ELSE
3660 SEEP
3560 PRINT USING "4X. 3DE,X,MZ.EO0doAodo
3670 Err-se00
3690 -WAIT 2
3590 GOTO 3390
37M9 ENO IF
37!1 ELSE
3729 SEEP
3730 INPUT "ENTER FLOWMETER SETTING',Fms
3740 SOTO 3190
37S6 ENO IF
3760 ENO IF
37701
37961 LOOP TO SET Tsat
3?S9 IF Ido-2 THEN
3966 IF Ikdt-l THEN*3959
3916 BEEP
3926 INPUT "ENTER 0ESIREO Tsat-,Otld
393'0 PRINT USING "4X "" OTsat RTsat Rate Tv Rate�
3940 Ikdt-I
39S6 Otdl-0
3960 OdZ-O
3979 Nn-I
3996 Nrs-Nn MOO IS
3696 Nn-Nn+I
3966 IF NrisI THEN
3910 IF Ihm-9 THEN PRINT USING "4X.** Tiat Tldl TId2 Tv -Tsumo

3929 IF Ihm-I THEN PRINT USING "4X,*" Tsat TIdI TldZ Tv TsuMo Tinle
t ToLLe Tout�'

3930 END IF
3940 IF Ihm-0 THEN OUTPUT 709CAR AFIG ALI1 VRS"
3950 IF rhm-! THEN OUTPUT 709:A'R AF0 ALE VRS"
39S0 FOR I1- TO S
3970 IF Ihm-0 ANO I1d THEN 4246
39g9 Sum=0
3?99 OUTPUT 709;"AS SA"
4006 FOR Jt-l TO 20
40!9 ENTER 7099:Ei
40:9 Sum-Sum+Eltq
4099 NEXT J:
4040 EIiq=5u•.

i050 IF 1-I THEN T~dilTid

099 IF 1-2 THEN T.jTld
-tog@ !F !-3 TI4Et r.-rld
4090 IF [-4 rHEFJ rsumo-rId
4110 IF !-S THEME ilet-t1d
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4!10 IF !-5 THEN T--utld
':LA nEYT !
4:0 IF Ihm-1i THEN

4' 4 OUTPUT 709: AR AFOG AL-30 J
V160 OUTPUT 709CAS SA"
4160 Sum-0
41771 FOR Kk-I TO Z9

4190 ENTER 709:c
4199 Sum-SuptE
4:01 NEXT Kk
42 10 EmV7)-ASSSu-"!20'3
4=30 T0LIs.E-vf(7)!.'J.6E-t

4Z,10 ENO ETdlTl:).

QS8 IF ASS(At~d-Otld)-.2 THEN

42S6 IF AtWdOtld THEN

42-70 SEEP *e000-1
4280g SEEP 49600.4
4290 SEEP 4666,Z.)
4;00 ELSE
4310 SEEP 256,..

4310 SEEP Z50..2
4330 SEEP 2S@..i
C494 END IF
4356 Errl-At~d-O~dl
4366 Oldl-%tld
4370 Er,24Tv-OldZ
4356 Old'ZYTv
4396 IF TldI>166. THEN 4446

4406 IF Ihm-0 THEN PRINT USING '4.X S(MOOO.00O',v 'Ot ld.TLd1 !ldZ.Tv,Tsuino

WO1 IF Ihm-1 AND 1do-0 THEN PCTNT USING "AX .7(MOO.0O.X).:Ot!d.TldI ,Tld--.Tv,Tsi

4420 IF Ihm-1 AND Ido-A TP-EN PRINT USING "XSNOO.X,(Z.O:~:tdr

d1 ,T~d2,Tv,TsumC.TtnlIet.T-LiS!.Taut
1440 WAIT 2
4446 SOTO 3996
44S6 ELSE
4460 IF ASS(4tld-OtWd).I. THEN
4476 IF AtldýOtld THEN

4496 SEEP 36060.2
4496 SEEP 3606,.2
4S00 ELSE
4s16 SEEP 966..2

4620 S3EEP 60@..Z
4SZO END IF
4910 Err-l.Atd-Oldl
4660 CIdl-Atld
4660 Err-T-.--Old2
4S70 0 1d2-T v
1690 IF thm-0 THEN PRINT USING 'X,S(MDDD.DD.2X)*:Ottd,Tldl ,Tld,TvTgumo

4S96 IF ihm-1 THEN PR INT US ING "4M S(MOO. CC, X .ýN3.O. 0,1X aDt Id ,T I dI .T Id'-' Tv

-umo . rimistje teT1 !Tout
1SO YJAIT -
1613 SOTO 39303
15:3 ELSE

16:0 OEEPAti
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16--Q IF !h-Z!E Pq !NT US IN MS S( 4COD.OD :X )";Ot!d Td!d Td2T , T!umo

.T:-1 ,cut
4'00 WAIT
1io1 MOTO) '990
47:0 END I;
47ZO END !F
47 Ila END IF
47se
4790! LOOP TO SET 4UX HEAT FLUX
1-;773 IF Ido-3 THEM
1730 IF thm-0 THEM
4-90 PRINT S ET VOLT BOY To 41X-V
4900 OUTPUT 739i'AP AFZO AL:: VRS'
49113 SEEP
48:3 INPUT "ENTER DESIRED Au~dp .Cuxqdp
490T PRINT USING "Z DSRDAux~da ACTUAL Aux~da"'-
4940 Err-1000
195-0 FOR 1-1 TO 3
4960 0,UTPUT 709t"AS SA"
4970 54uln-a
4990 FOR li-t TO 5
4990 ENTER *?@9,E
4906 6umaSwp+E
411#0 NEXT .1L

4920 IF 1-1 THEN 'jo~tuSum/S
4130 IF 1-3 THEN Ana-Suvm/S
4140 NEXT I
4950 Ao-AOS(Amp*. I SlU

4970 AuAodoVolt*ArO/'P-OZ-L)
4990 IF ASS(AuxqdoO-uxqdc3)'Err THEN
49901 IF AuxadpODuxqdp THEM
g000 BEEP 4800,.2
9010 SEEP 40600-2
SONe BEEP 4000..Z
S5030 ELSE
6640 SEEP 293,2Z
Soso BEEP 25a..2
S06o SEEP 250'.2
507 0 END IF
9080 PRINT USING "4X M~Z .2E.ZX flZ. 3DEVDu-dv..Auxqdo
5090 WAIT 2

6100 GOTO 49S0
9110 ELSE
s1:1 BEEP
9!:0 PRINT U-SING "4X(M.N!.DE.2(.,M1Z.DE";Duxcdo,Au.'odo
5140 ero-see
5150 WAIT 1.
5160 SOTO 4290
5!17 ENO IF
5190 SOTO 3190
V190 ENO IF
56290 ENO !F
C:10' ERPOP TPAP ;'ýP !do lUT lF BOUNDS

5:40 ý_OTO .-!go
l:S0 E ,P0 IF
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5:79' TAKE O ATA IF !m-0 LOOP
S:B90 IF lkol-l THEN 53:3
5:20 BEEP
E-oo INPUT "ENTER BULK OIL V .9c;
5310 IkcI.I
=73: IF lhm-1 THEN OUTPUJT 7099:AP A.FOS AL19 UPS`

s:eIF !hm-1 THEN OUTPUJT 09S;,Ap AFa ALS URS"

5340 IF Ihm.0 THEN Ntc-:0
5350 FOR !I1 TO Ntc
5360 OUTPUT 709*AS SA"
SZ70 Sum-3
5396 FOR Ji-l TO '0
53943 ENTER 709:E
S400 Sum-Sum+E
S410 IF 1.(17-Nsub) OR 1' IB-Nsub) THEN Et(It-l )E
54ZLA NEXT !t

5A30 Kd-
5440 IF ro(17-Nsub) OR I1I-N1-Mub) THEN

5450 Eava-Su'/20
5AGO Sum-G.
S470 FOR A1-0 TO 19
5490 IF ASS(Et(Ik)-Eav9eS.@E-G THEN

5498 Sum.Sum+CtC 1k)
5506 ELSE

55:0 ENO IF
9530 NEXT 1k
5549 IF Io(17-Nsub) OR I-(19-Nsub) THEN PRINT USING '4X.**MdI '* 00';Kdl

5550 IF KdI>l@ THEN
SESG@SEEP
5570 SEEP
5590 PRINT USING '4X."Too -tuclt scattering in data -reoest data set-

S590 SOTO 3170
5600 END IF
5510 ENO IF

5620 Emf! I )-Sum/ C20-KdI)

5630 NEXT I
5646 IF Ihm-I THEN
5650 OUTPUT 709CAR AF00 ALMO VRS"
56G@ OUTPUT 769: AS SA'
5670 Sum-@
5686 FOR KkoI TO 2.0
5690 ENTER 709:E
5706 Sum-Sum+E
571V NEXT Kk

57ý:0 E-vf )-ASS( Sum)/:
5730 END IF
S' ?1 IF Ihmn0 THEN

S750 OUTPUT 709CrAR AF23 AL:: VR5'
97"0 FOR I-I TO 3
5790 OUTPUT 769CAS SA"
5790e SUM-0
S300 FOR 11-1 To S
S810 ENTER -39:E
59:3 SumwSut'+E

5940 IF Co~un-0. rHE!:

.en9 IF 1- THENJ Er-UM.'s
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S990 IF !-! THEM Avr-Sun.'
Sege IF 1-2 THEN P~rSum-.'S,
5900 ENE) !F
5913 NEXT I

seoiF H,,mt.-i rHEN GeTo Sato
69Z30 IF Coun-0 THEN
S940 PRINT "SHIFT VOLT SOX TO ftiX'
6960 END !F
63650 IF Coun-1 THEN SOTO 5000
5972 INPUT "TAKE AUX READINGS(!YESS1l",C--n
5990 Coun-Czun+Ccon
S990 SOTO S770
60003 END IF
S019 ELSE
5020 IF thm-0 THEN ENTER tFileZ;Soo.rold$,EMH'.nf')r,lrAvir,.Air
6030 IF ihm-1 THEN ENTER T~je2oSc.Toid2.Eqf(-),Fms
6040 END IF

60601 CONVERT emf'S TO TEMP .VOLT ,CURRENT
6076 Tua-0
6090 Atwa-0
S0S8 FOR 1-1 TO Ntc
6106 IF IdtcŽ0 THEN
S110 IF I-Ldtc-l OR I-Ldtc2 THEN
61:0 T(!)o-99.99
5138 SOTO S30LA
6146 ENO IF
6160 END IF
SiS0 IF HwoMntu-1 THEN SOTO 6236
5179 IF ALdtc>@ THEN
6190 IF I-Aldtc! OR I-AldtcZ THEN
S198 T(I1--993.99
6200 GOTO 6300
6'210 END IF
6220 ENO IF

60 IF Itte4 AND !hm-0 THEN
6240 IF VA AND I1,1 THEN
62690 T(I?--99.09
6260 GOTO 6386
6276 END IF
6286 END IF
69 Z90 T( I *FNTvgiv(mf ( I)
6300 NEXT I
63!0 IF Itt.':4 THEN
951:3 FOR I-1 TO 4
63-30 IF 1-Ldtcl OR I-Ldtc2 THEN
5340O Twa-Twa
6350 ELSE
5360 Twa-Twa+TI
63703 END IF
6-399 NEXT I
63ý90 Twa-Twa/ 4Idctc
9400 ELSE
S4!0 IF Ih!m-l THEN ;600
G4:3 POR [I. TO i
S470 IFI~lOR IL~ THEN
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SdIo ENO

6.&gC NEXTI
6491! ~Tw-ta:-'9-Idtc

G6610 ELSE
5653 Atwa-At-,sjT( I)
S660 ENO IF
SS-9 kj5VT 1

6560 Atw-Atwa.'P9-Aidtc)
6599 END IF
S600 Tldr(17-Msub)
6613 Tld:-T(l9-Nsub?
56:9J Ttda.(Tld+Tldl2'..S
6630 Tv.-T(1 -Nsub)
S640 IF Itt-.3 AND jhm-43 T4ENj
6659 TldZ--99.99
6666TC 60+~1
6676 &JD IF
6696 Tsum-T(20-Nsub)
6699 IF Ilhm-0 THEN 67:0
6796 TlnIst-T(13-Nsub)
6716 Tout-T(14-Nsub?
6716 IF Ihpt*6 THEN
6736@ Amp-ABSCIr*I.9192
6746 Volt-ASS(Vr '.26
6756 Q.'Jo~ttAm
5756 IF Hwm,-tu.P THENJ SOTO 59010
6779 Auama-ASS(Air1 .9g:ý
5790 Auvo t-ASS( Avr *:S
5799 A.Ur.Auvo~t*Auama
6S0N END IF
589! IF Itt-O ANO rhm-O THEN
S9'3 McuFNK~cu'Tw?
6936 ELSE
6946 Kcu"Kcua( Itt?
69SO ENO IF

6976'1 FOURIER CONDUCTION EQUATION WITH CONTACT RESISTANCE NEGLECTED
6999 IF thm-0 THEN Tw-Tw-9*L06(O2!DI )/(2*PI*Xcu*L)
6996 IF ilwotrtu.1 THEN SOTO 6919
6909I IF thm-0 THEN AtwAtw-Auq.LOG(D/D1 ?)!(:*PI*K<cu*L)
S~tO IF tlIv-0 THEN Tsat-Tlda
59.0 IF I1~ITHEMI Tsat.1 T,
6930 IF lIqv*2 THEN 1*3st.(T~da-Tvl..5

59340 IF tMlTHEN
6950 *.vg-

T
ilet1

61379 T drj AS S ( fý 7'I E S ' 0 Gr ad)
59903 Tsvgc-Tinlet-Tr-jr:.*.S

S190 IF 48S ( Tsvq- T vqc~ .0! THEN
7e0e 7svgýT a,.g-T-.';,c'.

70131 sOTO 5960
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-090 Pr.,.iFNPrj( Taw
7100 Rhcw-FNRhow( Ta.3:;

7'50 !(dt -1
7!70 Q-Mdct .Cpw#Tdrap
7190 L.td-Tdrop/LOG-(Tinet-Tsat'.'(Tiniet-Tdrao-Tsat))

7"Z00 Rw-Oo*LOG( Da/Ci -' *.cuý
7:!3 Twj.Tsat+F*-Lritd
-;2:Z .w-Mdot/(Rhaw-PI-OL-Z!4)
7:-30 Raw-Rhow#Vw-OL!MUWa
720 N,.-CI.Kw/Ot'Rew".9'Prw^1/3.)'(Muwa/F:t~uw(TwL))'.4

7250 Twic-Tavg-Q/(PI*Do#L#Hi)
7:56 IF AB9S(TWL-TWLC)l>.OI THEN
7270 Twi-(Twi+Twic)*.S
7290 SOTO 7240
7296 ENO IF
7306 TwiL(Twt+Twic)-.S

7320 ENO IF
7330 ENO IF
7346 IF Ihm-l THEN
73S6 Thetsb-O/(Ho*P!*ON-*L?
7360 Tw-Tsat+Thetab
7370 ELSE
73993 Thatab-Tw-Tsat
739! IF Hwmntu-I THEN SOTO 7400
7Z20 Athetab-Atw-Tsat
7400 END IF
7410 IF Thatab"6O THEN
7420 BECEP
7:41,0 INPUT 'TJALL.,TSAT (@-CONTINUE, !-ENOD*,Iev
74403 IF Isv-13 THEN SOTO 3130
7456 IF 1ev-I THEN 9936
7460 ENO IF
7476 IF Hwmntu-I THEN SOTO 7S40
7490 IF Athetab<0 THEN
7490 BEEP
7500 INPUT 'AUX TIJA.LL-TSAT (3-CCNTtNUE, I-ENO)",Atev
7S10 !F Aiv- THEN GOTO 31730
7520 IF A:.evI TH.N 33
7520 END IF

-S401
7550'I CCMPUTE !ý.RIOUS OPCPERTIES

7S70 R.o-cMPha(T~iltm

7S113 W.-FNik'Tft~m)

7 GO0 Cp-4C tr03 4-.
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'7G50 Pr-N.AMpghIa~g

79,301 COMFUTE VAhRIOUS 09OFEPT!E2S FOP AUX TUBE
'7S90 !F Humntu-I THEN '-:TC 7790

77~01 At-m(tw a).S
771C0 Arha..FMNoh(Atf!L~m
77:9 Au-FNMu(Atftim'
7730 Ak-FNK'At fI n

77S0 Abeta-;N~eta(Atfs!,m
7760 AniA4-u.'Arhc
77 ,70 AaIrha-Ak!(Arho-4cp)
7790 Aor-Ami.Aalphs
77901
7900' COMPUTE NATURAL-CONVECTIVE HEAT-TRANSFER COEFFICIENT
19W0 FOR UNENHANCED END(S?
7'9:3 Hbar-190
7970 Fs.(Hbar*P!(Kcj*Aý)).S#Lu
79;0 Tanh-FNTash( Fe)
7950 Thata-Thetab*7anh/Fe
7956 Xx.(9.9I'9eta'Thetab.Do^3*Tanh/(Fs9Ni-AIphafl'.165667

7996 Hbsrc-K!Do4( .5'.397*Xx/Yy)-2
7990 IF ABS((Hbar-Hbarc)!Hbarc?!¾06t THEN
79660 Hbar-( Hbsr+Hbarc )*.5
7,910 SOTO 7936
"7926 END IF
7?930!
79?401 COMPUTE NATURAL-CONVSCTIVE HEAT-TRANSFER COEFFICIENT
79501 FOR IJNENHANCEEO END S? FOR AUX TUBE
7950 IF Hwmntu-I THEN SOTO MO9
7970 Ahbar-I90
7990 Fe-(Ahbar*P.'(Kcu*A))'.S*Lu
7990 Atanh.FNTanh(Fe)
9000 Atheta-Atl'etsb*Atir'h/Ft
9010 Ax-99-bt-tea*o3Aah(aAiAlhý^166

9030 Ahbarc-Ak/Doe( .5+.397.Axx!Ayy )^
9204 IF A9S( (Ahbar-Ahbarc )!Ahbarc )>.O01 THEN
90350 Ahbar-( Ahbar+A1hbar-c?*'.5
9O50 SOTO 7980
907e END IF
9090'
?9010 COMPUJTE HEAT LOSS RATE TH 4IGH UNENHANCED END S)
V100 OI-Hbar-P*Kcu*.A)'.S.Thetab9T3nh
9110 oc0-01--
9!ZT As-0!O2*L
31M0 I

91;0 'COMPUTE HEAýT LOSS 1ATE THROUGH UNENHANCED EtND(S) OF AUX TUBE
91S0 IF Hwmntu-l THEN SOTO '9190

?170 4ac-Auq-:.Aa1

3,1T :ONpUrE 4CTI.AL WEPT clUX~l AND 90OELING CCEFFIC!ENT

?!"-I' CON4PVE ACrTUAL u54T 4moJ 20E, 90!LIG CC2EcFICEENlT c0P AUV rUeE
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3:SO IF Hwn- THEN SOTO 9:IO

9:90 Ac-3- (AcpoAth'etab.'Hfg?!( uqdo/(Am¶u Hfg .(.d!ý 9.91 *Ario'SV /3. -.Apr*I

93700 RECORD TIME OF DATA TAKING

9310 IF Im-0 THEN
9=3 OUTPUT 709;"TD"
9-30 ENTER !09:T*1dS
9340 END IF

93509 OUTPUT DATA TO PRINTER
937e PRINTER IS '701
9390 IF lov-0 THEN
9390 PRINT
9400 'PRINT USING *IOX,""ats Set Number - ',000,2M.-Sulk Oil -- OO.O,sx,,
4A';JBoo.Toid$
9410 PRINT USING *IOX*""ata Set Number - -. OOD.X,-8ulk Oil %- *OO;,

84209 PRINT -TIME:*.TItIES(TIIIEOATE)

9436 IF IhmNS THEN
9446 PRINT USING *IQX.-TC No: 1 2 3 4 5 6 7

9 ...
9456 PRINT USING *l0X,*Teng :"*.9(t,MOO.OOgr-T(I ,T(2)*T(3)*T(4).T(S),T(G),T(
7) *T(9)
94SI IF Hwuqntu-I THEN GOTO 94913
9466 PRINT USING *f#3X.*'TC No: 9 !8 ' 12 13 14 is

9470 PRINT USING 'IOX.Temo :"",9(X. MIO.OO!;(9)T(I0T(1),TflI ).T(I2).T(I3),T(f
4 ) *T( IS) *T( IS
9490 PRINT USING IX Twa ATwa TIhQd TliqdZ Tvapr Psat Tsumo-*
9496 PRINT USING "IX3MO0.XXMO0.X2iO.o.-XMoo;w.t.
W ,TIdZ *Tv ,P-sat,Tsumo
9S690 PRINT USING lX Thetab Htube Oda Athetab Ahtube AuOd

95)6 PRINT USING 16OXMOO.30.IX .MZ.30E.IX ,MZ.3ýDE.IX<,MDD.30DjNM.30E.IX*MZ.30E'
;Th-etsb ,Htube .Od; ,Athetab,.ANhtube .Auqdo
95'2!' ELSE
9S30 PRINT USING IX F.,s Vu Tsat Tint Tdroo Thetab Q Uo

Ho"
9540 PRINT USING *I6X,4(20.OO,IX).Z.30.IX,00.OO,IX,3(MZ.30E.Ix)-;FRS.Vw.Tsiat.Ti
nlet .Tdroc *Thet.2b OQda ,'o,Ho
9556 END IF
9SS0 END IF
9570 IF lov-1 THEN
3S30 IF 1-1 THEN
S9150 PRINT

9600 IF Ihm-0 THEN
9610 PRINT USING 107 RUN No Oil% Tsat Htube Oda Thetab-
96"2? ELSE
96:0O PRINT IjSING *IeX,- ;MS OIL!: TSAT HTUBE 0013 THETA8..
9540 ENO IF

9550 END IF
3950 IF 111-0 TUEM
9601 ap!NT 'jSING ý_Q.:,jx .00.2(,XMOO.co 1 9Z.E :,~.3 . sat Htube,ldo The

1E20 ELSE
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i720 END IF
z-7!.3 END IF
37:3 IF Im-0 THEN
97ZO SEEP
97;3 INPUT "OK TO ZTORE THIS DATAý SET !-Y J-N Ok
9750 END IF
3750 IF 01-l OR Imi=I THEN 1-J*I
V770 IF Ok-1 ANO !m-d TkE?4
9756 IF Ihm-0 THEN OUTPUT 4Fll;o od.-f .rE 4v i
3796 IF Ihm-1 THEN OUTPUT -lFL~ol;Scp,ToldS,EmfE#).Fns
9960 EID IF
8916 IF Iuf-I THEN OUTPUT lUf-ie;Vw.Uo
9820 IF Ire-I THEN OUTPUT QRaftle;Fm.~eRew
9930 IF (Its-1 OR Ok-I) ANO rp~ot-t THEN OUTPUT 4PIot;QdpThetjb
9346 IF Im-0 THEN
99S0 SEEP
996a INPUT "WILL THERE BE ANOTHER RUN (1-Y,8-N)?" .Go~an
9870 Nrun-1
8999 IF Go-cn-0 THEN S930

9996 JF Go-on<>6 THEN Repeat
9966 ELSE
99113 IF J(Nrun+I THEN Repeat
9920 END IF
9936 IF In-@ THEN
9946 SEEP
8996 PRINT USING *l0X.*N0TE: data runs were itared in fils ,0"J
I O2-Fi.es
99960 ASSIGN OFtleI TO
9976 OUTPUT *Filse2;Nrun-I
9986 ASSIGN OFilel TO 01_ftle$
9996 ENTER 2FilmI;OtstelLdtcl ,Ldtc2*Itt
9991 IF Hwmhtual THEN SOTO 9066
9993 ENTER lFlIGI;AldtcI *Aldtc?2
9666 OUTPUT lFtie2;Oatai,Lltc) ,Ldtc2.Itt
9661 IF Hnwntu)I THEN SOTO 9010
9003 OUTPUT @Fi~eZ;AldtcI ,Aldtc!
9010 FOR I-1 TO Nrun-I
9622 IF Ihft-0 THEN
9030 ENTER fFiJleI;Qcp.ToidS.E,.f(9).Vr.Ir
9646 IF H~mntuI1 THEN 50TO 9666
9656 ENTER fFileI;Avr.A~r
9666 OUTPUT aFtLeZ;Scp,ToLdS*Egqf(*.,Vr,Ir
9676 IF Hwmntu-I THEN SOTO 9096
9686 OUTPUT *FileZ;Avr.Air
9096 ELSE
9)166 ENTER 4FLleI;90g,ToldSEmf(*),Fms
9)11 OUTPUT 0Fla;oolSEf*.m
9)26 ENO IF
9120 NEXT I
9140 ASSIGN @FL IC! TO
91SO PURGE OMY
9560 END IF
9173 SEEP

91a6 PRINT
i190 IF Iplot-1 THEN PR.INT lUSING '!O~X "NOE: *ZZ i-v pairs were stored inl
210t daBta PiLe -,l0A';J-! *P_?LLCS
2:30 ASSIGN lF~ile To
9:!a ASsiGNicm t
9ZZO IF !ue-i THEN j.SINiIJý.j To
K230 I-- !rs- THEN 4C5-7ýj4 !Pe.eT
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9:SO INPUT "L!RE TO PLOT CATA I .- N ~ Ok
9-"70 IF lk-! THEN C!;LL PIzt

so9 MUEND

33090' CURVE ;ITS OF ;RC)PEPTY FuIlICTI-C-is
93:10 OEF FM~cu(T)
93:01 OFHC COPPER :S0 TO Z00 '
9330 Tk-T+:713.!S 'C TO K
9Z40 K-434-.!I:.Tý
9350 RETURN K
9360 FNENO
9 3701 OEF FkIMu T)
9390' 170 TO 350 K CURVE FIT OF 'JISCOUSITY
9:!?0 T k - T +'.Z3. ! i' TOi ý'
34030 Mu-.)XrI,-.46363+(101,.47!Tk),.I.0E-3
9410 RETUP'! Mu
9470 FNIENO
9410e CF FNCp(T)
94401 te0 TO 40)0 K CURVE FIT OF Co
94SO T'%-T+73.lS IC TO K
9460 Co-.40I89S+l.65007E-3.Tkel .Sl49iE-S.Tk^2-56.79S3E.-,.aTk"'3
9470 CO-C; 1600
9A480 RETURN Ca
9496 FNENO4
9506 OEF FNRho(T?
9516 TkaT.7ý3.IS IC TO K
9s:9 x-i-(i.sork!753.95) 'K TO R

9546 Ro*Ro/ .OSZ*29
9E56 RETURN Ro
9S60 FNENO
9570 DEF FNP- T)
3S90 Pr-FNCa( T )FNI'¶u( T /FNV( T
95903 RE i'URN Pr
MO0O FNENO
MO1 OIEF FNK(T)
96:oi r,360 K WITH T IN C
9638 K-.071-.60001t.iT
9640 RETURN K
9556 FVENO
966 DEF FNTanh( X)
96-70 P-EXPfX)
9690 Q-I/P
9690 Tanh-(P-'3 WP4O?
97" 303 RETURN Tinh
9710 FNEND
97:0 DEF FNT-.-sv(,i
1770 COM 'c'C't 3
r9740 T-CIO,
37S0 FOR !-! TO ,7
9750 ?-TC1 I ! Oll
'9770 M1EXT I
9790 IF !c3L-1 rHSN

996ELSE

?K9C ENJO !F
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SE4C PNENO
SeSC CEF PNSet3'T,
SS960 Poc-NRlhcIT.!ý
9S 7L) Rcm.FNPho ( 7-.-!

9ege RETURN gets
990C FNENO
9910 DEF FNHt;(T)
99:0 Hf;I1.374134AE45-T-.(3.309436lE+:+T#.l.165143)
9930 RETURN Hfg
9940 FNEND
9950 DEF FNPsat(Tc)
99S0 0 TO 90 deg F CURVE FIT OF Psat

9970 Tf-1.9*T%+32
992e Pa-5.9ASS5S+Tf*(.l53S2092'Tf*( I.494e963E-3ýTf.9.61S0671E-6?

!e0000 IF Pg;O THEN I+-PSIS,--in Hg

10010 Psat-Pg
10020 ELSE
i003 Psat-Pg#29.92!14.7

10040 END IF
10050 RETURN Psat
10060 FNENO
10670 DEF FNH~s~ooth(X,9ovIsat)
10086 DIM A5.(~C5 06
16096 DATA .20S2S..253'!',.319@4e..SS322..,?gses,l.002SO
10108 DATA .74S15,.72992,.73le9,.7I2-S,.6947:ý..641!7
10116 DATA .41092,.1776-ýfS.."S142.Sde66..81916.1.094S
tell@ DATA .7.14e3*..7913,.7566S,.696691 ,.665967..S5199
IO13O READ A( ,I?(- )C( -) 0(
10146 IF 900<6 THEN I-Sop

10150 IF Boo-6 THEN 1-4
i0160 IF Boo~-! THENI- S
10170 IF isat-I THEN
10190 Hs-EXPýA( I ''B I -LOGCY'ý
1019e ELSE
10'.001 Hs-EX(P C( ! ý+ I )-LOS( X
felle END IF
10:"60 RETURN Hs
10:30 FNENO
1OZ46 DEF FNPoly(M)
10259 COM /Cply! A(16.I1.)C(16).B(S),Nop.Iprnt.Ogo.Ilog.Ifn.IjoinNjoin

18270 PolyR8(0)
1028e FOP 1-1 TO Map
:o29e IF IleglI THEN X1-LOG(M)
1030e PClY*P0!YA9f I'x1 I
10310 NEXT I
107-2 IF Ilog-I THEN'R~EP~1
'330 RETURN Pc!y
1 034e PMEND
10360 SUR Pc!y
10360 DIM P( e ,S!i~ ILA 2'N I tOO) 'y100

10-79e FOP !-e TO 4

121-IC EErE I

10: lIIOI-IT "IELECT 0-c ILE '~*CR :-PPCGDP4 All,
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10460 INPUT "ENTEF NUMEEP OF: - PAITRS" ,ND
10470 !F If"-! THEN
0d490 BEEP

10490 INPUT "ENTEP DATA ILE NAME"TD•ile,
!O5e0 BEEP
10510 INPUT *LIKE TO EXCLUDE DATA PAIRS (I-Y,0-N)'",Ied
1020 IF ledoI THEN
10s3e BEEP
1eS4e INPUT "ENTER NUMBER OF PAIRS TO BE EXCLUDED",.Ipe.
1eSSe END IF
10S60 ASSIGN eFile TO 0-files
10S7e ELSE
'0S90 BEEP
10S90 INPUT "WANT TO CREATE A DATA FILE (I-Y,9-N)7",Yes
!eS6e IF Yes-! THEN
10610 BEEP
10620 INPUT "GIVE A NAME FOR DATA FILE" .DfileS
10S3e CREATE BOAT DjO les.S
10640 ASSIGN @File TO O_fjile
les6e END IF
106Ge END IF
!eS7e BEEP
10680 INPUT "ENTER THE ORDER OF POLYNOMIAL',N
1os9e FOR I-0 TO N.2
10700 Sy(1)-@
107le sx(l?-e
10720 NEXT I
10730 IF led-I AND Im-1 THEN
le?07 FOR 1-I TO Ipex
l'eth ENTEP @F:le;X,Y
107Se NEXT I
1077e END IF
1V90 FOR I-1 TO Np
!0790 IF I=-1 THEN
1eg0e IF Ooc- THEN ENTEP eFi!e:x.Y
IMOt0 IF O0coZ THEN ENTER F:Ie;• v
leg19 IF O0o-l THEN Y-Y!X
1093e IF Ilog-1 THEN
10940 IF Opo-2 THEN Xt-X/Y
1225a X-LOG(X)
1099S !F O~o-2 THEN Y=LOG(Xt)
10970 IF O0c<2 THEN Y=LOS(Y?
1e099 END IF
10990 END IF
10900 IF Im-2 THEN
1I911 BEEP
'920 INPUT "ENTER NEXT X-Y PAIP",XY
!C930 IF Yet-! THEN CUTOUT er. e:Y v
10940 END IF
!0950 IF Im.3 THEN
1e0SE Y..( I -
'09'0 Yy( !-y

'0990 ELSE
!C9990 XMXp' 1-I

'0!C END IF

1'03T
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!109e3 NEXT i
!!ee ;() j-: 70 N':

!!!30 NEXT J
!114e6 NEXT I

w156 IF Y~s1l ANO Im-2 TMEM

M166 SEEP
IlII-'70 PRINT USING -I~x,00 VVY pairs were stared LMl 10A. -IANO O-f112

M199 ENO IF

!':go COR I-f TO NI

11229 FOR J-0 TO N

i1:4e NEXT J
,t~se NEXT I
!11SO FOR !-0 TO N-1

,i:79 CALL O~vtde(u
!!:SO CALL Subtract(I'I)
11:2. NEXT I
11;90 S(N).c(N)/A(N. ?'i
i1316 FOR 1-6 TO N-1

11336 FOR J-0 TO 1

1 1360 S(N-1-I .-9(N-l -! ?/A(NK-1- NJ .

11370 NEXT I
iI390IPRINTER IS 701
11399'PRINT 9(o)
114001PRINTE-R IS 70S

IWO1 IF I~rnt6O THEN

11429 PRINT USING *IZX,-EXPOmeNT COEFFICIENT-

11430 FOR 1-0 TO .4
114.40 PRINT USING 1lSX.0O.SX.MN-O7E'1I,9(I)
114916 NEXT I

11460 PRINT

114713 PRINT USING IZX7.OATA POINT Xy Y(CALCULATEO) 015CR

!'490 FOP I-1 TO No

! I49e 'fc-eC3
vises FOR J-1 TO N

115s:0 NEXT J

!I540 POINT USING ',5X.Z0.IM .MO.SDE,1N1'; I ).Yy( IN.YC.O
!!SSO 4EXT I
IISS-3 ENO IF
'!S5e "S3I5N ?F-19 TO

I '596 SUSEND

Clq0 CCM Co.,4 210.0 1
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11630 FOR J-M TC N

1165C NEXT J1
I 1560 C(! I -Cc I ý A

11570 NEXT I
!1690 SUBEND
1169e SUe Subtract(K)

1171e FOP 1-V TO N
1172e FOR i-M-1 TO N

1174e NEXT J
I 17s0 C( I ?-C(V.-! '-Cl!I
lI76e NEXT
1!77e SUSENO
1179e SUB Phr.
1 1790 COM /Cc Iy/ A( !. 101 ?C( 10 B(S).Njornt Coo Ilog. If n I aotmNjc~n
11966 COM /Xxyy! xxý2s?,YY(25,
11816 PRINTER IS '65S
11920 BEEP
1193e INPUT "WANT TO PLOT Uc vs Vw? (l*Y,@-N)',Iuc
1184e IF Iuo-e THEN
11950 BEEP
1196e INPUT *SELECT (6-h/hO% same tub*,1-hCHF)/h(spi).Irt
11870 BEEP
11960 INPUT *SELECT h/h RATIO (1-FILE,O-COMPUTEO1',Ihrat
11896 IF thrat-0 THEN
11966 BEEP
11910 INPUT *WHICH Tsat (l-e.7.e--:.21"Jsat
11926 END IF

11930 Mmx-±n

11950 )(step-'
1!96e IF 1rt0e THEN
11976 YmtnOe
1!990 ymarýl.A
1199e Ysteo..:
fleoe ELSE
!.Ole YrnIM.0

12036 YsteuoS
12M6 END IF
12O50 ELSE
12060 Opo2
1207e Ymin-
12090A YayI12
12e9a Ystep-3
1:!0e Xm-.n-c
1:11e XMma~-4

1120z Xstep-1
1,13e END IF
I :14e IF IMh-~t-l THSrN

':'e i:*-0

'::!C ENC !F
'2::e SEED
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;91"JT 'SCt :P! : 1P C:_0 33MS30

z":: YP!NT -ýA I0ePj*n
t~8PRINT .P3~ ,04 PC-

I:Z48 OOP Ma-Ymtn TO Yms. STEPO Xate^

!:ýOLA PRINT XT:0" '
'~8NEXT Vs

1=09 PRINT "PA 0O,O00 Tl o

i:-ýse FOR Ya-Ymi TO YmaA STEP Ystep
!=SO0 Y.(Xa-AY.qiri*SIfc
1:360 PRINT 'PA:, 0,100: XT*
! 27'! NEYT Y3

!:--90 PRINT "PA 00,100 PL PA3 00~
1. 390 FOR Xa-Xm~n TO Xmax STEP Ystep

14130 X-(Ya-Y1fLMSfx
!Z419 PRINT "PCPA*; 106.' MY"T"
124Z7 NEXT Xa
12430O PRINT "PA 100,100 PU-1P10, O

12240 FOR Ya-Ymtn TO Yma STEP Ysteo
21"4S Y-(a-Ymtn1*Sfy
rZ4SO PRINT *OPA !00.' Y.0 YT

IZ-419 NEX(T Ya
1S459 PRINT "P*PA 10,100"L

I!SOG FOR X&aXmn TO Xmax STEP Mster.

::Sso XY'Ya-Ym.in)*Sf~y
1;:0o PRINT"P ,g,
1:5!_0 IF !uc-t THEN PRINT "CP-4-::9Ya"
I:S4@ IF Iuo- THEN PRINT *CP -,.SL:a"
12S30 NEXT Xa
I2SSO PRINTe1S-"0 PAregnt"

!2S99 IF Iuo4?,l.- THENYa-

1"9:9 IF Irt-1 T14ENPRN C

12SAO XlsbellS*Ol Pocamt

I "SE0 EOIF it0TE

1:3 S,~ J . ~ !3Y,0"l-h/Q
!:SSO ELSE

1:7: PRINT -!!.SO C

':-53 o! -PI Z Z.:.:.4:PU P4 -13,3S.01 13.1 LSU:PPR *.3S;L9o:PR -1 30.S:LB ~kW./m

l:-- -19!MT 'PP "0.9: SP c-.I. g:L.SP ?..: PRO.. S:L9. :-c .S,3-L9K'"
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1:920 eEEP
Q8:eL INPUT *WANT TO PLO

T DATA FROM A FILE 'i-N '..
1:9;e i,.=e
1:9se IF Okp-1 THEN
1:960 SEEP~
12971 INPUT "ENTEP THE NAME OF THE DATA FILE. *Djilel
12990' IF Iue-L THEN
12990 BEEP
12900 INPUT *SELECT (O-LINEAR. !-LOG(X.Y?'.lIog
!9'e, ENO IF
1292e ASSIGN @File TO O_fileg
22930 BEEP
ZM940 INPUT *ENTER THE BEGINNING RUN NUMBER',Md

!295e BEEP
12960 INPUT *ENTER THE NUMBER OF X-Y PAIRS STORED".NNpars
1ý970 IF iuo-e AND Ihrst-e THEN
12900 BEEP
12990 INPUT *ENTER DESIRED HEAT FLUX'.0
I300e END IF
23010 BEEP
13e2o PRINTER IS I
13030 PRINT USING '4X.'"Select a symbol?''"
1304e PRINT USING "4X ."1 Star 2 Plus sign-''
13090 PRINT USING "4X."3 Circle 4 Sauare"'
23068 PRINT USING '4X. " Rombus''
13171 PRINT USING "4X,"6 Right-side-up triangle"'"
13608 PRINT USING '4X,'*? Uo-side-down triangle*'"
13696 INPUT Syn
1316e PRINTER IS 7es
13116 PRINT "PU 0I"

13120 IF Sym-! THEN PRINT "SM6"
13!3e IF Sym-2 THEN PRINT "SM*"

13140 IF Sym-' THEN PRINT 'SMo"
IIS0 Nn*4
!3160 IF Ilog-! THEN Nn-!
1.3170 IF Md>1 THEN
2319e FOR I-1 TO (Md-1)
1.190 ENTER eFile;Xa,Ya
13100 NEXT I
13210 END IF
1312: IF Ihrst-0 THEN
13:36e 01-
13240 IF Ilog-! THEN 0-LOG(0)
!325e END IF
-Se FOR 1-1 TO Npazrs

!327e IF luceO AND lhIat-e THEN
232B0 ENTER tFile:Xa,9(.i
2329e Ys-e(LA
!330e FOR F-! TO Nn
!¶31e Ya-YaA9(KF.)O^
23320 NEXT K
T2333e END IF
!Z349 IF Iuo-1 OR lhrat-I THEN
I235 ENTEP tFi±e:Xa.Ya
13360 IF Iuo-1 THEN Ya-Ys. !00
¶ý327 END IF
1"390 IF luc-e AND H raý'- THEN
'!Z9C IF !in;2 THEN
13400 IF I!cg-0 THEN YaO01V5
!¶34e IF !-t-0 THEN
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i1:2 IF :(a,-3 THEN1

!:140 Ya-I
!Z4SO ELSE
IZ450 ya-ya/yo
':470 END IF

1!3420 ELSE! 34913 Hs,,-FNH,.ooth( a.:I a,153t}

!!S00 ya'sa/Hsm

13510 END IF
135:2 ENO IF
!ZS30 Xx{[-l )Xs

13540 vYy(I--Ya
!3550 X=(Xa-Xmin)*Sf<
13SO Y.(Ya-YRinloSFy

1•3573 IF Sym;3 THEN PRINT "SM"
13590 IF Sym<4 THEN PRINT 'SR 1.4,1.4"

13SS9 PRINT 'PA ,X.Y,""
13G00 IF Sym,3 THEN PRINT "SR I.Z.l."

13610 IF Sym-4 THEN PRINT "UC2,4,0,, -4.0.0,9,4,0,;

136:0 IF Sym-S THEN PRINT "JC3,0,99.-3,-S,-3,S,3,S,3,-6:
13630 IF Sym=6 THEN PRI9T "UC0,S.3.99,3.-9,-6,0.3.9;
11640 IF Sym-7 THEN PRINT "UCO,-S.3.S9,-3.9.6,0,-3,-9i

13650 NEXT I

!3660 BEEP
13V79 ASSIGN VFile TO *

13699 END IF
13690 PRINT "PU SM
13790 SEEP
13710 INPUT "WANT TO PLOT A POLYNOMIAL (I-Y.0uN)?*,Okp

13720 IF Okp-l THEN
13730 BEEP
Q3740 PRINTER IS I

!3750 PRINT USING '4X,"Select line tyoe:"."
'* 70 PRINT USING "SX.*"3 Solid !ine"
1770 PRINT USING -SX.-'l Oashed...

13790 PRINT USING "SX,-2.,.S Longer line - dash-'
137?0 INPUT !on
13900 PRINTER IS 705
13810 SEEP
13923 INPUT 'SELECT (9-LINEAR .- LOS(X,Y)'.ItLoQ
13930 Iornt-I
13940 CALL Poly
l:S50.!F !uo-I THEN
13960 SEEP
!3970 INPUT *OESIRE TO SET X Lower and Vacer Limit (l-Y.I-N)7 .,lLLM
!!990 IF = THEN
IZ993 XIll-
3ga0 '(ul-7
tZ910 ENO IF

13?:Z IF !~- THEN
3M3:0 SEEP

S940 hINPUT "ENTER Lower LMnt L,•l
!39S@ SEEP
1ý50 !NPUTr .ENTER.~er , L,,t Xul
!3973 END IF

390 END !!:
1:190 ýý, oa-IL r'J (u! 'TE st5eo,.5
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!dCC Iuc- THEN laý 1000
14C03 ý-'IY a-YP..?S.
14048A X- e-krun ý
14858C IF '!,: THEN Y-0

14060 IF Y IOLA THEN GOTCO !4160
1 4e-0 Pu-0
!4090 IF Ion-I THEN !df-Icr, MOE)O

14e98 IF Ipn-. THEN Idf'Icn MOD 4
14!188 IF Ion*3 THEN Idf-Icn MOO 9
14118 IF Ion-4 THEN Idf-Icn MOO 16
141'-C IF Ipn-S THEN Idf-len MOD 32

14!3e IF Idf-l THEN Pu*I
14140 IF Pu-C THEN PRINT "PA*,XY,"P0"
14!S51 IF Pu-I THEN PRINT "PA ,X,Y,"PV"
14168A NEXT X.
1417e PRINT "P'-
1A198 GOTO 12921e
14198 END IF

14208 BEEP
IA210 INPUT "WANT TO QUIT (I-Y.0-N??.I~uit
14220 IF Iquit-I THEN 14240
14230 SOTO 12920
1424e PRINT "PU SPLA"
14250 SUBENO
14250 SUB Stats
14270 PRINTER IS 701
14280 .1-e
14290 K-0
1*300 BEEP
1A310 IF Ip1ot-l THEN ASSIGN Ifi-le TO PFilog
14328 BEEP
14330 INPUT 'LAST RUM No?(e-OUIT)".Nn
14348 IF Nn-C THEN1 14780
143SLA Nn-Nn-J
14368A sx-e
1437e sy-e
!4390 S:-e
14390 S~.s-
!44ee sys-0
14410 S:s-0
!441e FOP I-! TO Nm
14430 J-J+I
1444e ENTER @Fzie;O*T
144SO H-OPT
1446e Sr-S,1Q
!4470 SswS-s~+c:
14498 Sv-y-y
14490 Sys.sys+T^2

!dSIO S:s5zsýH^2
14528 NEXT I
!14520 Oave-S../Nn
14548e Tsve-Sy,'Nm
14S50 Have-S:/Unr
!4SSC Sdevc-SOF(AES(U.n-S. t-S *:-' .-. (r-t

! 4S712 Sdev-I0Sde. ALD .e

'4600 St-00Sdev.tTCav
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Is£:i IF K-! THEN ".Eso
4SZ'3 PRINT

1 1.4 PP !!I .... .... FI E ,tA' :F, Lei

IIESO PRINT
!4660 PRINT USING IX " 4tute Sde-H QdP SdevQ Thetab SdevT'"

11570 K-.

1 IS99 PRINT USING 'I,:(00 (,Z.- DE,...ME ."0.:D ."X, OO.ZO,IX,30.20':J,HavsShOave
,Sg Ta%;e,St

!AS99 SOTO !4':"

!4720 ASSIGN IF:le! TO
14711 PRINTER IS 1

!17:T 31-ISENO
14?30 SUB Coef
14?40 COM /CgLy! A(t10,t0),Ctt10).8S),N,!;:rntOre[••n[j~.]•

!4750 BEEP

14750 INPUT "GIVE A NAME FOR CROSS-PLOT FILE".Cqf2
14770 CREATE BOAT Co;fS,

14790 ASSIGN VFila TO CpfS

14790 BEEP

14900 INPUT 'SELECT (0-LINEAR.LOG(XY)) ,I~oq
14919 BEEP

143:2 INPUT 'ENTER OIL PERCENT (-I-STOP)',Boo
14930 IF So<@ THEN 149'?
14940 CALL Poly

149S5 OUTPUT fFtLe:So.9(*)

14960 SOTO 14810

14970 ASSIGN @File TO
14990 SUBENO
149120 SUB '4Lson(C! .")

!49200 COM ."4 1. OZ,Oi,Oi,L,Lu.Kcu
14910 DIM Smf(!•Z

149230 WLISON PLOT SUBROUTINE OETERMINE CF AND CI
!4930 SEEP

11940 INPUT 'ENTER DATA FILE NAME",FiLeS

14950 SEEP
149650 PRINTER IS 1

14970 PRINT USING "4X..''Select ootiom:'
14990 PRINT USING "4X," 13 Vary C? snd C'"

!4290 PRINT USING "4X,*' I Fix Cf Vary Cl ..

15900 PRINT USING "4X."" Z Vary Cf FL.- CL***

1018 INPUT "ENTER OPTION",Icfix
ISt2O PRINTER IS 701
!9030 IF Icfix-0 THEN 15070

1540 IF Icfi.c: THEN BEEP
IS050 IF 1cf%-I THEN INPUT "ENTER Cf?",Cs

'SOSO !F [cf:,2 THEN INPUT "ENTER CI" CL

!W70 PRINTER IS I
1090 INPUT *Uant Tc 'Jar- Coef?"tY,1N)',I:eef

19090 IF rccoef=! THEN INPUT "ENTER COEFFP P

!5100 PRfINTER 13 7el
!91!0 IF Icf.x-

3 OR Ic':;' THEN Cfa.304
i1I:O IF !cfL..' THEN C'3"s$

'S!lO C.A=C.

'S140 1}-.0

'5'S0 IF {::~f'' rHEN °r
0
•

'513 =o!NJTER !S I
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152!e ASSISM JIF~Ie TO Fileg

15:20 ENTEP 0FileNrujr,,ste , Ldtcl ,Ldtc,-'Itt

!5230 Rw-DoLCG Do /.'D cu

IS24e SY-0
!5250 Sv*r0

!5:'70 SAZ-0

I15290 FOR 1-1 TO N!-un
!5300 ENTER @File;9opToldl,Emfý-',Fms
15310' CONVERT EMFIS TO TEMPERATURE

15320 FOR J-1 TO 5
!53 30e T(J)-FNTvsv(Emf(J)
15340 NEXT J

153602 Tavg-T(S)

15370 6rad-37.9eS3+. l04399-Ta'v';
15390 Tdrop-Emf(7)#l .EýG/( l0.*6tad)

15390A Tavgc-T(5)-Tdroo*.5

1546 IF ASS(Tovg-Tavgc)¾01L~ THEN

15410 Tavge(Ta,.g+Tsvgc )*.5

t5420A SOTO 15370
15430 END IF
154401
154501 Com~pute pr-operties of water
15466 IKi.FNlw(uTavg)
1547e Muwa-FNMuwC Tavg)
15490 Cow-FNCow( Tavg)
15490 Prw-FNPrw( Tavg)
15500 Rhow-FNRhowC Ta-.;)

!5520l Compute properties of Freon-1I4

15540 IF Jj-0 THEN
1S5550 Tw-Tsat+Fr-Lmtd
IS560 Thetab-Tw-Tsat
15570A jj-1
15590e END IF
15590 T!-(Tw+Tsat ,.5

15600 Rho-FNRho(Tf)
!5510 Mu-FNMu(Tf)
1562C K-FNK(Tf I

!5630 Cp-;:NCp(Tf
IS540 Seta.FN~ete(Tf)
15550 Hfg-FNHfg(Tsat)
15560A Ni-Mu./Rho

!5590 Pr-Ni!Alpha

15700' Analy~s:
157!10 COMPUTE MOOT
!S7:C A-9I1-ý c -:-0 ^2 '4
I S-ZO O-PT.Qc
IS740 Mo..57~.~.Z595~~

I'601 COMP'JTE tj4TIJPA,_-C0P!,.ECT!I.'E HEAP -TAlcEzE C0Ec!C IEtjT

ISC' 'P VN!E'IPA1CEC EUC-ý
5,790 Hb.~r-190
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I25790 Fe-( HbarP l.(KcuAI ' SL
!5900 Tent .FNTanh(F'e)
I5910 Theta-Thetab*Tanh/l~e

2593( Yy-( I .5Sg.'Pr(9 116)(.7
25940 brK0(.E.S*'e~
25950 IF A19S((Hbar-H-barc).'Hber). .001 THEN
15960 Hbar-(Hbar+Hbarc 2. 5
25970 GOTO 157S0
29990 END IF

25990'
1S900' COMPUTE HEAT LOSS RATE THROUGH UNENHANCED ENOS
1591e0 O-(HbarP-Kcu*-.!'.5Thetab'Tanh
25920 oc.Q-2#OI
IS93 As-PI*D2*L
!S9401 COMPUTE ACTUAL HEAT FLUX
15950 Odp-Oc/As
25960 IF Icfix- OR Icfix>1 THEN Csf-I/Cf^(1./Rr)

15990 Ho-Odp/Thetab
25990 Ou'tega-HO/C
26000 Uo-Q.(PI*Oo#L*Lm'td)
16610 Vw-Mdet!(Rhow#PI*D1^2/A)
16020 Row-Rhow*2Jw*D I/Muwa
16030 Twa±.Tw4Q*Rw/(PI*Do#L)
16048 6.ms-Kw/Oi9Rew^.9*r'.a( 1/3.2w 'uwe/FNt~uw(Tw1)).1
160502 PRINTER IS I
16060 Yw-(I ./Uo-Rw)#Om'ega
1607 Xw-Omega*Oe/!(G~m40L)OI
26080 Sx-Sx+Xw.

16200 Sxy-Sxy+Yw#Xw
25110 Sx2'Sx"2+Xw~xw
26129 Sy-S,;2+yw-yw
ISI3r, ,-.- I
i,'1 ASSIGN V~ile TO

-ý ' - 'Sj,.-Sy 1ruti'Sxy?!(SYS'-N!um*S.Z)
161 -(SY-SxOY!Nr-um
262. IF Icfix-O OR Ii OP IcfijxA- THEN
26290 Cicl1/M
26190 Cfc-2/C
26200 END IF
16210 IF Icf~x-2 THEN
16220 CLC-I!M
:6:30 Cfc-Cf
16240 END IF
S2620 IF !~:~ THEN
62526 Ciec~i

25270 C~c-1.'c
26290 END IF
16290 IF A8S((Ci-Cic?.'Cic)..G00 OR AR521CF-Cfc)!'Cfc?:.001 THEN

!S'r' PRINTER IS 1
16:3C PRINT 'JISING ~M -Csf - ,MZ.306,2Y," Ci M3EC~i
!SZ40 PP!ITER IS 'Tel

'5:70 -1PIN T
25250 OO?1dTS IS 'C!
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I S 90 rRiNT JIS~ I ' NG :L'
I1S 00 P PIN T USI 1NG S m -AS SU -"'S' ,M ZO 'f 3V xm zO

!S410 PRINT US ING SX "CALCULATED -' ,'Z.ZCEZY,MZ,30E*;Csf,C1
!64ZO PRINT
15430 SumZ-yZ-Z -- -~C 5'+M2 S.ý - MCrr C 2
!6440 PRINT U'SiNG "I!OX .Sum of Souares -""Z. ZOESur
164S13 PRINT USING 10. cfL-e. %.O.OOO:Rr
164s0 SUSEND
!S'6470 OFF FNMuw(T)
15490 A:79 T+1 33.15S)
16490 Mu-2.4E-5,10^A
16500 RETURN Mu
ISSIO FNENO
IS5630 OEF FNC~cw(T'
ISSZO Cpw.4.2ll95S9-T-'..59 SE-3-T9(4..11361E-S+2.7l492E-7'T')

16540 RETURN Cpw-!0003
I6566 FNENO

1S656 OFF FNRhcw(T)
IS65,70 Ro999g.S2946+T'( .01:69-T'(S.49:513E_-3-Tt.1 34147E-5fl
16590 RETURN Ro
16S90 PNENO
16660 OFF FNPrw(T)
16616 Pv'w.-FNCw( T )0FNMuu T )/FNKi..CT)
1866'1 RETURN Prw
16636 FNENa
M6AO OFF FNKw(T)
16666 X-(T+!73.I6)/:73.1S

16676 RETURN Kw
16696 FNENO
16696 SUB Plot
16706 COM /Cply/ A1.0.~0,C)NaIrt0oIo.fj~.jt
16710 O!M 93(3)
15720 INTEGER IL
16730 PRINTER IS I
15746 Idv-0
167S0 SEEP
167M INPUT "LIK'E OF-FAULT VALUES FOR PLOT (1-YON)7.,Idv
16770 Oaco0
16796 SEEP
16796 PRINT USING '4X.-Select Optioni:-
16900 PRINT USING *6X*-O q versus delta-T-
16910 PRINT USING *SX."I h .-ersus delta-T-~
16929 PRINT USING *GX,-Z 4 versus q
16930 INPUT Ono
16940 BEEP
15950 INPUT 'SELECT UNITS '03SI,1-ENGLISHr *Iun
!6950 PRINTER IS 70S
159773 IF IdKITHEN
19990 SEEP

* 1699 INPUT "ENTER NUMBER OF CYCLES FOR X'(XIS"C.
!SSOO SEEP
16310 INPUT 'ENTER NUMBER OF CY±CLES FOR f-AXIS" .Cy
15920 SEEP
Is 1690 !NP'JT "ENTSP MIN X-IýALUE 'MULTIPLE OFI0'* n
!6?40 SEEP
'6950 INPUT 'DNTER m!ýl '-1.11LUE 'MULTIPLE OF 101' 1m
5S950 ELTE

IS5120 IF



713:0 c,.

'7060 XMI.I..

17090O ENO IF
17090 IF Opa-Z THEN
17100 IF lun-0 THEN
17110 .-

17120@ Xmtn10

!71;0 Ym -n- 100
17150 ELSE
17150o CY-3
17170 CA-3
17190 Xmin-100
17190 YMnIO-1
1710M ENO IF
I_17:13 ENO IF
171:0 ENO IF
17Z!@ 9SEP
17240 PRINT "INiSPItIP 20 2090.90
17"50 PRINT *SC 0,130.0,100t% 2,0:.

1726 S fx. 139!C.1
17276 StylOO/!Cy
172!99 BEEP
-720 INPUT 'WANT TO SY-PASS CASE' (1-Y.3-N)P.Ibya

177300 IF Ibyp-I THEM !9640
173,10 PRINT *PtJ 3,3 Pf0
17320 Mn-9
17:!0 FOR 1-1 TO CA+!~
173;10 Xst-Xmin-lg'I-1I
17150 IF I-Cx~l THEN Mm-1
173S@ FOR 1-1 TO Mn
17370 IF 1-1 THEN PRINT T V
17390 IF J-2 THEN PRINT *TL 1 0'
17390 X&aXat*J
17400 X-LST(Xa/Xfnin)*S Fx
17410 PRINT *PA*;X,*.0; XT;"
t17420g NEXT J
17?433 NEXT 1
!7440 PRINT 'PP 100,0.PU,*'
174SO PRINT 'PU PA 0,3 PC'
!7450 Mm-9
17470 FOR 1-1 TO Cy~l

17490 IF [-Cvý THEN Nn-1
f176ý00 FOR 1-1 TO 'In
17610 IF 1-1 rHEp PP!NT *TL 0
17SZO IF 1-: THIEN POINT 'T 3

15--3 '1E:'at I

'-s-1 *! ,? r

09!N "04P~ 0,00'L'

112



1750O COP !-! TO C'll

17E:e IF I 4!THEN~ Nn-l
1'630 FOP J-1 TO Nr.
76Ae IF J-! THEN' PRINT "T'_ 2"
17650 IF J.l THEN PRINT "TL 0 1"
1'7560 Xa-XatJI
1767e MXLGT(Xa!Xmir.)-Sf~.,
17690 PRINT "PA:tX,",1Ge; XT'
17690l NEXT I
? 700 NEXT I
17710 PRINT -PA 100,100 PU PA 100,LA PO'
17720 Nn-9
17730 FOR I-1 TO Cy+?
17740 Yat-Yrun*!O- I-lI
177SLA IF I-Cy+t THEN NnIf
17760 FOR Jl1 TO Nn
17770e IF J-1 THEN PRINT 'TL 0 2"
17790 IF J>1 THEN PRINT *TL 0A I"
1 7790 Ya-Yat*J
17900 V-LGTCYa/Ymin)*Sfy
17810 PRINT *P0 PA 100," ,Y,"YT*
17920 NEXT J
17930 NEXT I
1794e PRINT "PA 100,10e PU"
17950 PRINT *PA @,-Z SR 1.5,1"
17960 I±-L6T(Xnin?
17970 FOR 1-1 TO Cx+I
1799e MeaXmin-10"fI-1)
17990 XKLST(Xa/Xmin)1S~x
1'790e PRINT 'PA";X," .e0"
17910 IF Ii'-- THEN PRINT "CP -2,-:!LelC;PP-.L Ii"
17920 IF Ix1.0 THEN PRINT "CP -. *-2;'eLSO;PP 0.,:Le",.:I ,'
17930 Ii-IL+l
!7940 NEXT I
¶7950 PRINT 'PU PA 0,0-
¶7960 Ii-LGTýYmim)
17ý970 vI0-I0
17990A FOP. 1-1 TO Cy~l
17990 Ya-Ymtn.10"C I-iý
1MO0 Y*LST(Ya.'Ymn)n-Sfy
19010 PRINT "PA 0 ";Y.'
1902e PRINT 'CP -4,-.2StLB!0;PR -Z,Z;LB";Ii:**
'5030 Ii-!i~I
19040 NEXT I
!S9!SC BEEP
19e60 INPUIT "WANT USE OEFA.ULT LABELS ¶~,-~".d

lge70 IF !d!:'l THENM
!9090 BEEP
19090 INPUT -ENTER X-LABEL" ,Ylabae1S
!9!00 BEEP
91 !C PI OUT -E!TEP I -LASEL *y 1 ae1IS
19!:C ENOC IF
!?130 IF O~CC.: T14EM
12!40 OPIN **%7SP I :; PU_ cf. 41ý - 14
'91S 0 1 M .T "L9 I : P Pl cA 00 C 01 1: ~PC ES- 4 :L9wc: 9.S I.
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,S:0C PR.INT~ "Le'
IS:Ic END IF

ig230 IF Opc-: THEN
!9:40 IF !ur'.C THEN
19:50A PRINT "SP I.S.:'FU PA. dC,-14:LB~o (W/em;SP 1,I.S:PP O.S,IhLB2;SP 1E2P

19260 ELSE
19270 PRINT "SP 1.S.::PU PA 3J,-14;LBQ (Stu/hr:PR .5..S;Le.;PR 5-.;

'99se PRINT "Ll~t:0 P S.*.SP ',I.S.L92ZSP 1.S.,:PR EP ;C"

192.90 END IF
19300 END IF
193-10 IF Oovo- THEN
19320 IF Iun-L THEN

18330 PRINT 'SP 1.S.:;PU PA -1:,.40.o! el;LBq (W,'M.PP -I,O.S.SP I,l.SLe;SR I

19348 ELSE
is3se PRINT 'SR 1.S.2;PU PA -1:,3:;D! O*liLBQ (Btu/hr";PR -.S,.StLB.&PR .,S:"

19360 PRINT *LB't.SR l*.I.;PR -I..SoL82tPR l..S:SR I.S.2Z;LB)"

19370 END IF
19380 END IF
19390 IF Ooc>O THEN
19400 IF iunOe THEN
194101 PRINT 'SR t.S,2;PU PA -12.39.01 @,t:L~h (U/iqPR -1,.S:SR l,I.S.LL9;SR I

.S.Z;PR S5*.St'
18420 PRINT *SR 1.2,2.41PU PA -1.237:01 S.ltL~htPR lS.5iLgoiPR -1,98.5Le (W/im

18436 PRINT "PR -1,.StSR 1,1.5,LB2:SR !.5,2tPR .5,.StL9.tPR .S.OILBK)'

le*.e ELSE
19458 PRINT 'SR 1.5 .2;PU PA. -i*s O! .lLBh (Lltu/hr;PR -.S,.StLB.aPR S.S.:*

19460 PRINT "Left~PR -1,.5SSP 1.!.S;L9Z;SR I.S.r;PP .5.:LLB.;PP.SS;LeF'.

19470 END IF
!9490 END IF
19490 IF Idl-0 THEN
19500 PRINT "SR l.S.;OL' PA Se0-!S CP"-LEN1XlsbelSý/:;"0.L9":XlabeIS'""
19S10 PRINT "PA -14,50 CF C.j:-LENlYIabelI'V!:5!~E;"DI 0.1,Le".Yabe!S*""

19520 PRINT "CP e,?01D"

19530 END IF
19S40 Ipn-0
19550 XI1-l.E+G
19560 Xul--1.E+G

1e959 Ifn-0

'8610 INPUT -WANT TO PLOT D4TP FROM A FILE 01 Af~D

113E:0 IF Dý-l THEN'
!96310 BEEP

'5540Z INPUT "ENTEP THE NAME Cc THE DATA cILE",C0 '.'eS
'9S50 ASSIGN' fFLIe TO C-0 e

19560 BEEP
19S-0 BEEF
'9S90 INPUT "ENTER TIAE 2EGINN!NG PUN NUM9ER" *Md

'5580 BEEF
l5'00 INP~UT "ENTED ?LJE mL'IMSEF ýc y-y P.AIPS STOPED' mNoeis
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! 37S PO INT US ING ' SX a vRL .qt-Sd!j: t-' ;

S97900 OR !T US ING 'EX.'S" t Josir -~~ 2 PI e

is91 INPUT Sym

s92:0 PRINTER IS 7LAS
199M0 PRINT "PUJ 01"
1294O0 IF SymIy THEN PRVIIT "Stl*"
!9990 IF Sym-: THEN PRINT "511."
!9950 IF Symr-3 THEN PRINT *S~o'
199713 IF rid. I THEN
!9990 !:OR -I TO ý rid- I
19990 ENTER 1FtIe;fa,:(a
19900 NEXT 1
19910 ENO IF
!99291 FOR I-I TO Ngia-rs
129M3 ENTER eFtIe.Ya,Xs
19940 IF; 1-1 THEN 01-Ya
199SO IF I-Noaies THEN 01-Yai
19960 IF Opo-I THEN Ya-Y3/Xa
19970 IF Opo-2 THEN
19999 0-Ya
19996 YasYa/Ma
19060 Xa*O
19019 ENO IF
19920 IF X.a:Xii THEN X!-X
191030 IF Xa"-Xul THEM XuI-Xa
196140 IF Iun-I THEN
19M5 IF Opco'. THEN Xi-Xa-1.9
!9060 IF Occ:0 THEM Ya-Y&*.!7S1
19070 IF Ooc-0 THEN Ya-Y3*.3!7
!9099 IF 000-:- THEN Xa-Xa*.317
190913 ENO IF
19100 XLST (I/Xm i -i ) S-
191!13 Y-LGT(Ya/Ymin)*Vfy
79126 Kj-0
19130 CALL SymbCX.Y.Sym,tcI.Vj)
t9140 SOTO !9210
19190 IF Sym.'3 THEN PRINT *Sf1"
19150 IF Sym,'4 THEN PRINT "SR 1.4,2.4"
19176 IF 1cl-0 THEN
19190 PR!INT "PA" , X , Y

19190 ELSE
!9:0O PRINT "MV O
9:! 1 END IF

932:0 IF Sm 3' THEN PRINT 'SR P 15
192-M IF 3Sm-4 'HEN PRINT 'VC: 4 l?,03-9,-4 3 9.,-

* ~~~~~~9:4G IF S~-im THEN ORIIIT U Z09,3-,35353-:
!9:90 IF iym-5 THEN P0 RINT "CS39953:
!9:90 IF 3ym-1 THEN POINT C,-.9-3.E3-,9:

* !?:7o 0 IT AlE 7

!?290 SEEP
19:oe INPlUT ,JANr *o~',~
'931 I ( F ?IIruEpN

3309E!59
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94:7 CPINP'T "STP S"?~ 2AIOS,1bY~

!941e et - t -

134ZI PRINT St1PA' *(tt ,'tt.L OLLBU. N~ameF,.

19IS40 IF Sym-2 THEN PajrT 'm-
194SO IF Symm-' THEN POINT 'Sft

194-1 X13b-I
19490 END0 IF
1949a X1.1
113500 .ALL Symb(Xlab.Viab,3ym,I-_I,Kj)
?9S'0 PRINT "SP *LIS;SM*
19SZO IF Sy-n"4 THEN PRINT "PR 2.0"
19SZ0 SEEP
15540 INPUTJ 'ENTER SOP' ,SoQ
195SO IF Bog':1 THEN PRINT *PR Z,0;LS*;130i(:
19S60 IF Bop~g THEN PRINT *P ;.;9ios
19570 Ihf-9
19S90 IF 01;02 THEN [hf-I
19599 IF Ihf-0 THEN PRINT *PR 4.6:.L9I.c"
19S66 IF [hf-1 THEN PRINT 'PR 4,3;L90ee"
IS9I6 PRINT 'PR 6;SO?~ss
196:0 PRINT *SPO;SPI;SR I.5.2"
19530 YlgbvYlsb-S
19549 END0 IF
19650 SEEP
19660 ASSIGN VFL',. T'2

!9690 ~uXui'I2ol
196ge' SOTO 90340
19720 ENO IF

19710 PRINT "PU SM'
i 97:9 SEEP
'"ZO INPUT *WANT TO PLOT A POLYNOMIAL ~Y01G~
19740 IF Goon-1 THEN
.197S0 BEEP
117S0 PRINTER IS 1
19773 PRINT USING ' 4 X7'3Gelect line t',/o:*"
19750 PRINT USING 'SX .'3 Solid line-
19710 PRINT USING XI ashed'"
19909 PRINT US ING 'SX,'2... S L.nrer Line - dash'-
119113 !NP1JT !on
'99:e DOINTSR IS 70S

91940 INPUT 'SELECT C-I..C.'I~
199SO Icr-.t-1
'19S0 ^ALL F31y

""r !F I*vn-G THEMI
'9990 SEEP
119?0 [INPIJT 'ENTEP '1UME9E0 'IF cIt.ES TO J'JIN'I' Iljzt

1 1900 SND O

co n .o v.r
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1 3,1 I~ f ~ n I nE I!

.9S99 ENID IF

:Zooo FOP !ý0T

20:1 95' 1, )10 joi

'.0040 !!n-(
:.00S3 ELSE
230SO COTO '9SLAC
:, 37 ENC IF
:,!ag SEER0

:1099 INPUT "ENTER Le LOWER AND UPPER LIMITS- l *'Iul

:010t0 FOP X- TO CAc STEP CA~!'G8

:9 1 1 Xa -XLf.l4 19 , A
2310 IF XasXI1 OR Xa'Xu! THEN :03913

213 1;4 Icn-lcn+1

231SO IF I;:nt THEN Idf-lcn MOD Z

Z0150 IF 1pn-2 THEN 1df-Icn MOD 4

2917ft IF tgn-3 THEN Idf-!cn MOD 9

20190 IF toma4 THEN ldf-rc. MOOD t5
213199 IF Ion*S THEN ldfalcn MOO :a9
ZZ906 IF Id?1l THEN Pu*I

:0:19 IF Opa-0 THEN Ya-FMP,3ty(Xa)

:o':6 IF Opeol AND Ilog-03 THEN Yss/!FP~Iy(Xsý

03J0 IF Opea AMC !bag-l THEN Ys*FNPoly(Xs)

:V.40 IF Oaaol THEN Ya-FNP-.Iy(Xan1

:3:sa IF Y3Yi THEN 20390

Z02S IF Ya..Y!l OR Va'V..I THEN :027g

M~70 IF Iur-! THEM
=M IF Coo2." THEN!.a .

:3:90 IF Opa.3 THEM (a-y3 *..t?6

20300 IF OcaoG THEN Ya3Y-3.17
20310 IF OpaeZ THEN Xa&X*.*317
20320 END IF
163340 Y-LST(~sY&!YmtlSfy
,0340 X(-LSTCXj!Xpttfl!Sfx
133S@ IF Y(O THEN Y-0

20360 IF Y'I00 THEN COTO 0390

428370 IF PuC1 THEN PRINT *PA'*X.,VPO'

'60-90 IF Pu-I THEN PRINT 
0 '.,.

1

:31LAO PRNT 'cU'
Z3410 GOTO 19600

:3d:3 END IF
ZT47 BEER

:ZAAL0 INPUT -IjAmT TO PLOT REILLf -3 OATV ( I-Y 3-NY ItLy

:134S2 IF 0gcc3 OR Orc-l THENI

Z1460 :< L1-3

:2193 END IF
:19 IF '"51)~E
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Zj0e2 !:OR *,-0 TO C., STEP C.. :00

05eIF YaXil OR lsYl r4N:0

ZO610 IF Lo-0(M E~

:ssIF Occ-l THEN I-.4:3sI.1'.7o
t M:s:9El

23640e IF gro-Z THIEN ~.3779I-.1'.:g~E'(~.9s4~

20560 Y-LGTýYa./Y-vLn'SFy

20690 !pu0a
20630 IF Y :Y! I TH~EN lcul
.20*'00 IF Y'Yu! THEN GOTO 2137:0
:0719 IF Iou-0 THEN PRINT *P*XY"0
m'137:3 IF !pu-l THEN PRINT 'P M v Y'P*Pu
23730 MEM.T Xx
2.074e PRINT 'PU*
"23750 END IF
29790 SEE
22770 INPUT *WANT TO PLOT RONSENOW CORRELATION? tI-Y.0-N1'.Irahs
20790 IF irchs-l THEN
29799 v11.IS
Moe1 YuI.90
Z09 11 SEEP
Z3923 INPUJT "ENTER Tsat fCeq C?' ,?sat
:09l6 Caf-.0040
09e4O SEEP

':09SO INPUT 'ENTER Csf OF.0',s
Z096a Tf-Tsat"-
:29'79 FO (x-t TO Cx STEP C.!:109
:eseo xsax:nl*l0'(xI
:0990 IF NsXaIIl OR Xa,,u! THEN :!173
'60900 XI-LCGtXa?
20910 IF 000,' THEN Tf-Tsat*Xa/.
29S29 Rho-FNRho( T ,
22916 lK-FMVQTf<'
209AO flu-Fkfu( Tf
209950 Co-FNCp(Tf)
'0960 Hfg-FNHfg(Tsat?
20970 Nk-Mu/Rho
041990 Pr--Co'?mtjK

2!000 IF ocaoO THEN y30(.'C-eQ3)'3
21310 IF C~oo- THEN .eai'~
:1020 IF Coo< TH.N V5.l (2. '43).'Oreqa
zial0 [F Coo< THEN
2'Md ?fc.Tis~jtd.3!a.5
210913 IF .- 9S1TF-TFc)~ .31 THENM

Z'37Z *OTO 31?:0! 1

Z1390 V!0 !F
:!,391 END !

CA : f * I ,! .. ~



2! !SO IF !:L-! THEM- COR!NT "PA X; I

2! '70 NEXT X.,
9139 PPMT *OU*.

:,:t S0 EED
2 ! 1 !NPQ

T  UJ'AT TO "U'lT -Y O [Nl4

2:M:: GOTO ISSEO

2!Z4O PRIN *PU- PA 0,0 S900"

2! :50 SUSENO
.!:SO SUB 5.~,~ -

21270 IF Sym.3 THEN PRIPIT "SM*
:!212L0 IF SyjMK4 THEN PRINT 'SR 1.4, 2.V
:IZ99 Yad-9

2!13 IF 1<1- THENJ Yad-.0

2! 310 IF !cl1- THEN
21320 PRINT "PA" .X,Y+Yad."
21320 ELSE
Z!340 PRINT 'PA*.X,Y+Yad,*PD*
21350 END IF
21360 IF Sym.'3 THEN PRINT "SR 1215
2!3'*70 IF Symd4 THEN PRINT "C.,90-,.*.,,;
2190 IF Sym-S THEN PRINT "C.,9-,S-,,,,.S

2!1390 IF Sym-S THEN PRINT "C...!3->...~
21400 IF Sym-7 THEN PRINT JC-.3B-3.S03-g
2W@1 IF KjI1 THEN PRINT 'SM:PR -9
21420 SUBENO
21430 SUB Purg
Zt440 BEEP
21AS0 INPUT *SNTER FILE NAME TO SE OELETED',FL199
2! 460 PURSE F4!eg
214703 GOTO 21;49

21490 SUB Tdcn

:1S00 COtt /Cc/' CC17?,Ics
21510 DIM Emf(f)

21530 OATA -952474955B9,S.97E99E'lI .-2.S6192E'l3.3T.94e7SE~l4
21540 REAC CC#)
2! 550 BEEP
21560 INPUJT *GIVE A NAME FOR FILE TO BE CREATED" .F±.iga
"2!S570 SEEP
21580 INPUT *SELECT TUBE (0=lJH.I-HF ,Z-'T" .Itt
2! 590 SEEP
21500 INPUT 'SELECT THERMOCOUPLE TYPE C0-NEW.I-OLD'" ,!:al
2!S! l1 F Itt : THEM 0.=.31:7
21623 CREATE SCAT F~iel,l
Z!5:0 ASSIGN *lFtlI TO c.!

21540 OUTPUT lFtile;tt
21559 i-0
21560 SEEP
Z!57,3' MPUJT " ENTER M!OPT4 , OA TE 4ND T!ME MM: 0D:HH. ýMq: S S 0' Dage
2'SBGICUTPUT !O9;'r":0 3 .,5

2'!9S0'UTPUT 7109;'TO'

2' "00ENTER -3St12attl
2' 713 00IN1TEP !^3

-i -Oilj ja e 3rj e ':Cates
2 .000!T1T
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7-13 PRtNTER !G -T!

.179 PRINT~ri OY'TueTV

:': ! F 3 I ' tt-! THEM PRIM:T 'jS!NG '10Y-Tubs Ty.o: l Fu..

219270 PPOINT
:ý? 940 PRIN T USING ?3,'Fris TinTL . Trr
:!SS3 99!NTER IS

21390 BEEP
2!990 INPUT 'ENTER FLO'4METER REAO0ING F-ns
2!900 OUTPUJT 7A9;*A ýF AL4 VRI

21913 FOR L-0 T0 4
2!9:13 OUTPUT "099'AS SA'
21930 IF L , 0 ANO V'4 THEN 2'-010

Z!940 SO -0 r

21950 ENTER 709;E
:1970 S-S+E
21990 NEXT I
21990 IF L-0 THEN F-0'C)?-A9S(S!10'
Z:oo IF L-4 TH7 ' ()-AMS~S110
220!0 NEXT L
2:221 OUTPUJT 70 .'R AMO .AL29 VP?."
221330 OLITP~l 769:'AS SA'
::340 Et; ýla
2:13S0 rýR 1-9 TO
2:360 ENTER 709:Et

"180u NEXT 1

_121M TtmFNITvsv(E-lf(I

::'0 rsd-37.S9S3*.104399-T~a

221SO Tdroot3.SS5E-3*~s'3.Gl9E--rs~.0S-6Fs(I.Z69--'i'.l9

ZZIS0 PRINT USING 'I0X.3'OO.00,4X!.IX.Z.OO,4X.MZ.4(G;-Fms.Tin,Tev,Vlw^"2Td,-op
22:1770 SEEP
'2:130 INPUT 1.JANT TO ACCEPT THIS DATA SET) (1-Y,3-N1 *Ok
::!?0 J-14!

22"2?(0I Ok-0 HE

2=3: G0TO 2!990

::=10 OUTPUT V19F.Fms.Emfý'ý.Et=
Z::-90 PRINTER IS 791

:::90 eEEP
'::? !tf~lPT 'Q ILL. THEP.E 3E -AMCrHEP !ATA IE!"' I I -Y.3
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:'-Ic oarN T U rH( ' V "G T r. lNrO : Z "! t " a 3e as - 3rs.r,!d n L m

2:-.ET PP!M•.TEP. IS

Z~~SUPE UNC2:':'M• GUS Uý:p."

::Z90 PRINTER !S
::4013 SEEP
"Z:113 INPUT "Ent.eV: U FiLe Mane",FLle$

SEEP
Z: i-3~ INPUT "Numb~er of Dit3s Run's ,Nrum
:,440 INPUT -Oc Y:u Wan.t a Pl-t .e . N'.Isle*

2" SO SEEP
S•SOL IF lp!!t=! TE! I

2:4 73 INPUT "`'.ve Plot F.-e Name" ,P tf.IeS

::180 CREATE BOAT PF.,eS,4
2'49 ASSIGN DP!ot TO P-ftLel

:•:-00 ENO IF
2.._0 PRINTER IS 701
.sE.S PRINT

22S•0 PRINT

2SA40 PRINT USING I10MX Water Vel Uo"..

:=SSe ASSIGN TFiLe TO Fileg

.:S'e IF Iolct-1 THEN ASSIGN TFt•Ie TO P fileS

-•S79 FOP 1-1 TO Nrujn
2329• ENTER •Fiie"U ,U

22S99 IF Ialot-I THEN OUTPUT 9Filea!:Vw.Uo

.6M0 PRINT USING *ISX,O.OO.SX,MZ.3OE";VwUo

ZZS!O NEXT I
1:S:2 ASSIGN tFi!e TO

2=30 ASSIGN fFi~le TO
.•3$4 PRINT USING "IOX,"NOTE: - -, data sets are stered in file "",ISA';Nru

n ,F-.2

Z:SSO IF [p!ot-I THEN

22S60 PRINT USING "!OX ""NOTE: ZZ X-f Pairs are stored in file *ISA" :ru

. ,P-f ±I e3
ZZS70 ENO IF

2:SS0 PRINTER IS I

:6913 SUBENO
2271e SUB Select.
22713 COM ,'Idp/ Ido
::7:3 SEEP
227310 PRINTER IS I

•2740 PRINT USING 4X,.Select tlon:"

Z27S0 PRINT US-INS5X 2 Taking data or re-processtng ore':ious dat.s"

:7SO PRINT USIN MG ! S!Xtt-ng data on Lag-L:g

:2770 PR IHT US M "S' "Z P"lott-i.g data on Linear-.

::790 PRINT USING "SX7"" 3 Make :ross-olt :oeft Ii!es...

7:790 POINT USIWG 'S:.'( 4 Oe-ý-_rcu~a._ •ater'

Z'gsO PRINT US 1 NG "9:( "S O'-'e ...
,- -9 1 PRINT USING "S' " S r-Orcc correction-

::9:o PRINT US INS '9:( "7 Or-,t 'Jo c "Ie'"

~ZZO )PR.INT US'ING " ., dý!cdf - fole-

::35' o pNT US.IG ,." .
:2S:1S DRI!JT jS!NG 'EX ?3 C--mb/Luo
::2S3 !NPU I:!z

!.7. IF !,:=- r'PEu 'CALL '3L!
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2:9:0 IF Id=-S THEN CALL t.;r

Z:940 IF ido57 THEN CALL U=r-

,-0c,3IF dc -9 THEN CALL .(,mod
:Z9SC IF I d:-1 THEN CA•LL M.,

::9713 IF !dc-!O THE-.! CALL "omb

:2990 3UB ;',ymcd
'3900 PRINTER IS I
:3Ot0 BEEP
:Z323 INPUT 'ENrER FILE NAME',FileS
2030 ASSIGN tFile! TO FLIleS
23340 BEEP
230E0 INPUT "ENTER NUMBER OF X-Y PAIRS,.NO
23050 BEEP
32970 INPUT 'ENTER NEW FILE NAME" .Filel

23080 CREATE BOAT FiIe2S,s
23090 ASSIGN @File2 TO FtLe2S
23100 BEEP
231t@ INPUT "ENTER NUMBER OF X-Y PAIRS TO BE 0ELETED-,Ndel
23120 IF Ndel-0 THEN 23!0
23130 FOR I-I TO Ndel
23140 BEEP
231SO INPUT "ENTER DATA SET NUMBER TO BE DELETEO .Nd(I)
:3160 NEXT I
23!73 FOR J11 TO Np
23!98 ENTER fFL~eI:X,Y
231M FOR I1- TO NdeL
323M IF Nd( I-J THEN 23'40
:3219 NEXT I
2329 OUTPUT §FiIe2;X,Y
M3:0 PRINT J.X,Y
27210 NEXT J
23:Sg PRINTER IS 701

:3:58 ASSIGN PFI.el TO *
Z770 ASSIGN lFile2 TO *

-3:99 SUeENO
23:90 SUB Move
2'330' FILE NAME: MOVE
233108
23328 DIM Gop(•.) A(SS),9(66? ,C(GS) .0(66),E(GS).F(66),9(66),H(GS),J(66 ,K(66.L(
S5),M(S56
23338 DIM ToIdS(SE)I(4].N(6S),U'(66),Ir(5B)
23,19 BEEP
:z350 INPUT 'OLD FILE TO MOCE" ,0 fiLeS
:33S0 ASSIGN IFi!e2 TO nZ-lileg
:2-.. ENTER !F;ie:2Nrtjn.Oatel,LdtclLdtc2,Itt
23-S ;OR !-I TO Nrun

Z391 ENTER ?FtL[2:BoS ( I >, oldS9 I

23400 ENTER TF tA 9 ( O ýtI ýIG . (I IL (11
(I)r

:Z311 ENTER !F:t "'I !r' I
:'420 MEXT I
:Z439 ASSIGN 'TF:Ie TO
3:440 BEEP
.;4.E INPUT 'SHIFT DISK týPN W!T C. TI!IUE- ,.0

:3A1E SEEP
2: -T ...I. .T !*!P'JT SCA T 3, :E ' 3 :ze
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3294 ASSIGN !Filel TO OZftieI

23Se0 OUTPUT eF~ie? -Nrur QateI L~:!tc Ldc j
:3SIO FOR 1-I TO Nr!ur
23S~t OUTPUT Ifii!-Sr f!S
23S3? OUTPUT fFLlei-A(1),9([),C( 1 ,0(I1 ,E( I? F! I),S( I H(I?,J I),K( I),L(I?.M( I).
N( I !
:35.10 OUTPLIT TFi 191 Jr't Ir'I~
:2550 NEXT I
2`151 ASSIGN tFi!el TO
235'3' RENAME "TEST" TO 0 2_fieS
:-Sso SEEP 2300..
:ZS90 SEEP 4ee-..:
2360 BEEP 4000,.2
23516 PRINT 'OATA FILE MOVED"
2:=22 SUBENO
23630 SUB Comb
236406 FILE NAME: COMB
:36se6
23S66 OIM Emf(12)
23679 .BEEP
23680 INPUT '0L0 FILE TO FIXUP*,02_fIget
23696 ASSIGN fFl1e2 TO 02_`1 19

23790 OIftIg-'TEST"
:3716 CREATE SOAT 01_OileS.20
ý372! ASSIGN 2JIlel TO 01_tlet
4:373 ENTER 9tFtla2:NrunOate.Ldt.I .LdtcZ.Itt
23746 NrunmmZ6
23756 IF K-6 THEN OUTPUT @Filel:Nrunm.Oatst.Ldtcf,Ldtc.,Itt
23769 FOR 1-1 TO Nrun
23779 ENTER @FLe;9op.ToldS.E~f{*),VPIr
23790 OUTPUT lFilel eopToldS.Emfr-.,vr.Ir
23799 NEXT I
23996 ASSIGN OF1ls2 TO
239161 RENAME 'TEST" TO 02_-tIeS
239:9 SEEP 26e ,.2
23939 SEEP 466..6.

23940 SEEP 4666..:
239S6 BEEP
2:3S9 INPUT 'WANT TO AOO ANOTHER FILE (I-Y.l-N)?',Oks
23976 !F Oka-l THEN
23999 K-1

23996 SEEP
23900 INPUT *GIVE NEW FILE NAME-.Nftlel

23910 ASSIGN §Ftle2 TO Nfilsg
2392T GOTO 23736
:3922 ENO IF
23940 ASSIGN gFiLeZ TO
"l395c SUBEEO
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